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Chapter 5 
Identities and Formulas 


5.1 Proving Identities 


EVEN SOLUTIONS 


2. 


To prove, or verify, and identity, we start with one side of the equation and transform it until it is identical to the other 


side of the equation. 


4. If nothing else comes to mind, try changing everything in the expression into sines and cosines and then simplify. 
6. To prove that an equation is not an identity, find a value of the variable for which each expression is defined, but 
which makes the statement false. This value is called a counterexample. 
8. a. Factoring: 1-y? =(1+y)(1-y) 
b. Factoring: 1-cos? 0 - (1--cos0)(1-cos0) 
10. a. Factoring: x^ - y^ = (2 «ye -»J - (2 + y\(x+y)(x-y) 
b. Factoring: sin“ @-cos* 6 = (sin? 0 - cos? 0)[sin? 0 - cos? o) = (sin@ + cos0)(sin0 — cos0) 
Note that we used the identity sin? 0 +cos? 0 =1 in the last step. 
E 2 14/3 2(1+V3) 2(1-43) 2(1+V3) 
12. a. Multiplying by the conjugate: . - z= = --1-43 
1-43 1«43 P - (v3) 1-3 -2 
: l+si ssi : 
b. Multiplying by the conjugate: SOS . Ien = d ms) = Sad ui - LER 
l-sinx 1+sinx 1—sin2 x cos? x COS X 
2(2 43 
14. a. Multiplying by the conjugate: = . = = mo = pus - 5 | =24+V3 
—- T — 
(43) -() 
2 2 
1 1 
b. Multiplying by the conjugate: DU UE ews ) = (oom 
esex-1 csex+1 esc? x-1 cot? x 
16. Working from the left side: cos tan@ = cos0+ ae =sin0 
cos 
cos Á 
18. Working from the left side: poA. TEE a nA. cos A 
csc A 1 sinA 1 
sinA 
20. Working from the left side: sinx(sec x+ cscx) = sns l E | zr SEE -tanx4l 
cosx sinx/ cosx sinx 
. : sind 1 
22. Working from the left side: tan@ csc0cos0 = *—— cos0 -1 
cos@ sind 
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24. Working from the left side: (1-cosx)(1+cosx) =1+cos.x-cosx- cos? x 2 1- cos? x - sin? x 
26. Working from the left side: 
sin’ t - cos^ t : (sin? t 4 cos? rJ(sin? t - cos? r) 
sin? tcos? t sin? cos’ t 
E sin? t - cos? t 
sin? t cos? t 
" sin? t _ cos’ ft 
sin^tcos?t sin?tcos?t 
TM ME UN 
cos?t sin?t 
- sec? t - csc? t 
2 2 : 2 : 2 : 
- 0(1-sin8 0(1-sin8 
28. Working from the right side: gos. g - ug 2 . l sin 2 m ( De ) oa ( ix ) =]-sin0 
l-sinO l+sinð 1-siné 1-sin?0 cos? 0 
2 2 
EM (1+cos )(1—cos o) 
30. Working from the left side: : — i - 5 -1-cos? 0 = sin? 8 
1+cos” 0 1+cos* 0 
2 2 1 cos?0 1-cos?0 sin?8 
32. Working from the left side: csc^ 0 - cot^ 0 = mou oy m See 1 
sin @ sin^0 sin” 0 sin” 0 
34. Working from the left side (and using the result from Problem 32): 
2 2 
csc 0 -cotf 0 = (csc? 0 - cot? 0 esc? 0 «cot? o) =l. : + os 4 = 4 
sin ð sin^0 sin” 0 
36. Working from the left side: sec -csc 0 = ae = m E. - Su cond 
cos@ sin sin@cos@ sinO0cos0  sinOcosO0 
Note that this could also be proved working from the right side: 
sin — cos0 sin cos 1 1 
—— = — -— _=— - — = ec 8 -csc 0 
sinOcosÜ sin@cos@ sinOcos@ cosé sind 
2 22 : 
38. Working from the left side: sec B — cos B = -cos B = TENA ac 2 = nud *sinB - tan BsinB 
cos B cos B cosB  cosB 
: = 2 2 
40. Working from the left side: tanOsin0 + cos0 = SU «sin 4 cos =~ i p 2 = l =sec0 
cos0 cosÜ cos  cos0 
! : cosx  l-sinx cos? x 1-sin?x cos? x cos? x 
42. Working from the left side: —- = - - - = - - - = 
l+sinx cosx  cosx(lesinx) cosx(l+sinx) cosx(l+sinx) cosx(l-sin x) 
44. Working from the left side: l + f - EORR ee = : S 2 =2sec? x 
l-sinx l«sinx ]-sin^x 1l-sinfx l-sin^x cos^x 
T 
46. Working from the left side: Sere! TT MM € se = 
cscx +1 1 4] Sinx l+sinx 
sin x 
-si t(1-sint t(1-sint -si 
48. Working from the left side: Cosi = cosi al Sr od Uso id Dm) QS 
l+sint 1+sint 1-sint 1—sin?t cos? f cost 
Note that this could also be proved working from the right side: 
I-sinf 1-sin¢ 1+sint _ 1-sin? t i cos? t |. cost 
cost cost «sint cost(l+sint) cost(l+sint) 1+sint 
- 2 2 
- 1 t)(1-cost 
50. Working from the left side: BERE ao Pau 5 = ( ee X = ) = LEGOs 
(1-cost)' (1-cosr) (1-cosż) 1-cost 
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2 2 
52. Working from the left side: csc -1 a cscü-1. csc +1 || esc 0-1 cot^ 0 cot 


cot 0 cotü  cscÓ4l - cot (csc 0 +1) 2 cotO(csc0 +1) 3 cscO «1 
54. Working from the right side: 
eset ieee? E 1 | sinx 2 B (1-sinx? E (1-sinx? 2 (1-sinx) » l-sinx 
cosx cosx cos? x 1-sin? x (1+sinx)(1-sinx) 1+sinx 


56. Working from the left side: 


1 1 cscx+cotx cscx+cotx csc x+cotx 
= . - 2 E =cscx+cotx 
cscx-—cotx cscx-cotx cscx+cotx  csc^x-cot^x 1 
; : cosx+l cosx+l sinxcosx-sinx  . sinx . 
58. Working from the left side: ————— = ——— = ——————— —— - sin + =sinx+ tanx 
cot x cosx cosx cosx 


60. Working from the left side: cos? A -sinf A = (cos? A+sin? A)(cos? A-sin? A) zl. ( -sin? A- sin? A) =1-2sin? A 
62. Working from the left side: 


sin? B- sin? B H n2 2 
sin? B-tan?B _ cos? B cos?B _ sin? Bcos” B-sin? B SIM B(cos B 1) eer 
1-sec? B 1- 1 cos? B cos? B-1 cos? B-1 
cos? B 
2 2 2 2 
64. Working from the left side: SA = ae 2 TT y ree 2 N ! == ! =] 
csc y-cot y (ese y+cot y)(ese y-cot y) csc” y- cot” y 1 
66. Working from the left side (factor the numerator as a difference of cubes): 
j ms (1 tan (1e tant + tan? r) } ; 
- =1+tant+tan* t 2 sec^ t + tant 
1-tant 1-tant 
68. Working from the left side: 
cot? x = cos? x sin x — cosx 
sinx+cosx sin? x(sinx + cosx) sin x - cosx 
E cos? xsinx - cos? x 
sin? x[sin? x- cos? x} 
B cos? xsinx- cos? x 
sin? x[sin? x-1«sin? x) 
PEE 3 
_ cos“ xsinx—cos x 
sin? x(2 sin? x- 1) 
cos? xsinx —cos? x 
2sin* x - sin? x 
70. Substituting 0 = =: sin Z4 cos T = b+ v3 = 1*3 #1 
6 6 6 2 2 
72. Substituting 6 = 2. tan? Tt cot? z zl dra 
74. Substituting 0 2 0: sin0cos020*12021 
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76. Graphing both curves: 


y 
A 
6 
4 y= C080 d 
| + sec 0 
2-1 
> 0 
6 
_ l-secÓ 
cos 0 


The equation does not appear to be an identity. Evaluating each side when 0 = 0: 
1-sec0 1-1 q cosO 1 1 
cosO 1 l+secO 141 2 


The two expressions are not equal when 0 2 0. 
78. Graphing both curves: 


tan t 

sec t+ 1 
_ sect—| 
tan t 


The equation appears to be an identity. Working from the left side: 
tant sect-l (tanr)(sect-1) (tant)(sect-1) secr-l 


sect *l sect-1 sec? t - 1 tan? t tant 
80. Graphing both curves: 


2- y 2 cost 0 - sint 0 = 2 cos? 0-1 


-6 “4 4v 6 


The equation appears to be an identity. Working from the left side: 
cos^ 8 -sinf 8 = (cos? 0 +sin? )(cos” 0 - sin? o) = (1)(cos? 0- (1 - cos? 2 -2cos? 8-1 
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82. Graphing both curves: 
sin’ t+ 1 
cos? t 


y= 


The equation does not appear to be an identity. Evaluating each side when t =0: 
sin^0«1 041. 


cot? 0 — tan^ 0 is undefined 5 
cos’ 0 1 


1 


The two expressions are not equal when t =0. 
84. Substituting x = 30° into both expressions: 


V3 


sin 2x = sin(2+ 30°) = sin 60° = a 


2sinx = 2sin30° =2+>=1 


So sin2x #2sinx for all values of x. 
86. Working from the left side: 
sin? v 
2 Dee as 
tan w+2  cos^w cos” tj 
L-tan? y sin? v cos? y 
cos? yw 


1+ 


E sin? wt 2cos” y 

7 cos” wt sin? v 

- sin? wt 2cos? y 

= (sin? y+ cos? v) * cos? y 


=1+cos’y 
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88. 


Working from the left side: 


cos f sin f cos f sin f 
+ = —— + 
1-tanB 1-cotf | Sin | £088 
cos f sin f 


cos  cosp R sinf sinf 
| Sin cos p 10088 sin fj 
cos f sin fj 
B cos? p ü sin? p 
cos -sinp  sinf —cosp 
cos? p sin? p 


- cos —sin f cos f) -sin f 


= cos? f- sin? p 


cos f -sin f 
A (cos B sin fj)(cos B -sin fj) 
cos f -sin f 
=sin f * cos B 
90. Since B terminates in quadrant III, sin B < O , thus: 
2 
sin B = -N1-cos? B 2 -,|1- E =- H- 2 =- ES -— 
13 169 169 13 
: _12 
Therefore: tan B = ie = 4 3l E 
cosB - A 3 5 
92. The exact value is given by: cos = - 
94. The exact value is given by: sinZ =1 
96. Converting to degrees: 2t radians = a . ino - 100? 
9 
2 mv 
98. Working from the left side: sec0 - cos(-0) = ae cos. eas a N E 
cos cos cos cos 
100. Computing each side with x = = ; 
3x J2 
1 1+cos—  1-— 
*cosx _ 4 _ 2 ph 2 
cot x eot 3a -1 
3x 
cot x = cot — --1 
4 
The correct answer is a. Each of the other choices results in an undefined value. 
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ODD SOLUTIONS 


1. equal, defined 3. complicated 
identical 7. a. x(x-y) b. sin@(sin@-cos@) 
9, a. (x+y)(x-y) b. (cos@+sin0@)(cos6 - sin) 
it 1 1-43 1-43 1-43 43-1 
^ esa. We RENE, 2 
b 1  l1-cosx l-cosx _l-cosx 
` l+cosx l-cosx l-cos?x sin’x 
iB oum 1-42 1-42. 1-242 «2 ERUNT 
-xJ 1-42 1-2 - 
b l-sinx l-sinx (l-sinx) — (1-sinx 
i l+sinx l-sinx 1l-sin°x cos’ x 
1 sind : : : E 
15. csc 0 tan 0 = —— : Ratio and reciprocal identities 
sinô cos0 
= : Reduce 
cos 
=sec0 Reciprocal identity 
sin A 
17. PIA. COSA, Ratio and reciprocal identities 
sec Á 1 
cos Á 
H sin A cos A Divide 
cos Á 
=sinA Reduce 
19. cos x(csc x+tan x) = cos x csc X COS X tan x Distributive property 
-COSX: P. 4cosx ST Reciprocal and ratio identities 
sinx cosx 
» COST , Cosxsin.x Multiply 
sin x COS X 
=cotx+sinx Ratio identity and reduce second fraction 
21. sec cot 0sin0- L-, CORE LEG Reciprocal and ratio identities 
cos sind 1 
=! Multiply and reduce 
23. sin? x(cot x+ 1) =sin? x(csc? x) Pythagorean identity 
-sin? +( - = | Reciprocal identity 
sin’ x 
=] Multiply and reduce 
^t-sin't (cos t«sin' t)(cos t -sin^ t 
25. = A a - l i ) Factor 
sin’ t sin’ t 
(cos? r - sin" t) "T 
= Pythagorean identity 
sint 
cost sint r 
——À3--—3- Separate into 2 fractions 
sinf Ssin'f 
-cot/t-1 Ratio identity and reduce second fraction 
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27. 


29. 


31. 


33. 


35. 


37. 


39. 


cos’ 8 _ 1=sin’@ 
l-sin@  1-sin0 
(1-sin@)(1+sin@) 
1-sin@ 
=1+sin@ 


l-sin'8 _ (1-sin^ 6) (1 sin? 6) 


1+sin’@ 1+sin’@ 
-]-sin?0 


- cos! 0 


sec? 0 - tan? 0 = (tan? 0+1) - tan? 0 


=1 


sec^-tan* 0 = (sec? 0- tan? 6) (sec? 0 tan? 8) 


- 1 (sec? 0 + tan? 8) 
1 sin’ 0 
2——.——— 
cos?0 cos’@ 
 lesin'8 
cos? 0 
sin? 0 - cos? 0 E sin’ 0 


cos? 0 


sin cos0 sin@cos@ sin@cos@ 


sinO cos@ 


cosÜ sin@ 
= tanO -cot 


csc B -sin B = -sinB 


sin B 


=— -cos B 
sin B 
= cot B cos B 


: cos 
cot0 cos0 + sinO = 


sin 


-cos - sinO 


Chapter 5 


sin@ sin 
cos? 0 " sin’ 0 


sinô  sinO 
cos? 0 - sin? 0 
sin 


Pythagorean identity 


Factor numerator 
Reduce 
Factor 


Reduce 

Pythagorean identity 
Pythagorean identity 
Combine 


Factor 


Pythagorean identity 
Reciprocal and ratio identities 
Add fractions 

Separate into 2 fractions 


Reduce 
Ratio identities 


Reciprocal identity 
LCD is sinB 
Subtract fractions 
Pythagorean identity 


Separate fraction 
Ratio identity 


Ratio identity 
LCD is sin 
Multiply 

Add fractions 


Pythagorean identity 


Reciprocal identity 
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COS X ,l*tsinx COS X cosx | 1+sinx 1+sinx 


LCD 


1+sinx 
1+2sinx+sin’ x 


cos.x(1+sin x) 


=> —— + ——————— 
l-cos’x 1-cos!x 


41. —— - - 
l-sinx cosx l-sinx cosx 
2 cos? x 
cos x(1+ sinx) 
| l+l+2sinx 
cos x(1- sin x) 
d 2+2sinx 
cosx(1+sin x) 
2 2(1+sin x) 
cos.x(1+sin x) 
4 2 
cosx 
-2secx 
43. l : : 
. l-cosx 
| 1-cosx 14 cosx 
1-cos? x 
i 2 
1-cos? x 
22 
sin? x 
-2cscix 
1 
1-secx l- 
45. = COS X 
1l+secx 1+ 1 
cosx 
cosx|1- 
= cosx 
cosa | 
COS X 
| cosx-] 
cosx41 
47. sint 7 sint _l-cost 
l+cost 1+cost 1-cost 
sint(1-cosr) 
1-cos’t 
sint (1-cosr) 
sin’ t 
_ 1-cost 
sint 
Chapter 5 


cosx(1+sinx) 


(cos? x+sin’ x) +14+2sinx 


— 4 SS ———————— ———SSS— ———— 
l+cosx 1-cosx 1+cosx 1-cosx 1-cosx 1+cosx 


Multiply fractions 


Add fractions and regroup terms 


Pythagorean identity 
Combine 


Factor out a 2 


Reduce 

Reciprocal identity 
f 1+cosx LCD 
Multiply 
Add fractions 


Combine numerator 


Pythagorean identity 


Reciprocal identity 


Reciprocal identity 


Multiply numerator and 


denominator by LCD 


Distributive property 


Multiply numerator and denominator by 1-cost 
Multiply fractions 


Pythagorean identity 
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49. l-sint 1-sint 1-sint 


1«sinf l«sint l-sint 
(1-sinr) 
1-sin?t 
(1-sinr) 
cos! t 
secO+1_secO+1 secO-1 
tang B tanü  sec0-1 
sec’ 8 -1 
7 tan 0(sec@ - 1) 
tan’ @ 
E tanO (sec - 1) 
tang 
~ secÓ-1 


51. 


2 
53. (csc x+ cot x)? (mE 


sinx sinx 


2 
1+cosx 
sin x 


(1+ cosx) 


sin? x 


(1+ cosx) 


" 1-cos? x 
E (1 cosx)(1- cos x) 


(1-cosx)(1+cosx) 


1+cosx 
1-cosx 


secx+tanx secx-tanx 
55. secx+tanx »——————:- 


= sec? x - tan? x 
i sec x —tanx 
_ 1 

" sec x — tan x 


sinx +1 sinx +1 


57. —— 


COS X 
cos X * cot x COS X4 


sinx 


_ sinx. (sinx +1) 


sinx COS X 
COS X +— 
sinx 


sin x(sinx +1) 


d Sin XCOS X -- COS X 
7 sinx(sinx +1) 
cos x (sin x +1) 


sin x 


COS X 
=tanx 


Chapter 5 


1 sec x — tan x 


Multiply numerator and denominator by 1|-sint 
Multiply fractions 


Pythagorean identity 
Multiply numerator and denominator by sec -1 


Multiply fractions 


Pythagorean identity 


Reduce 


Reciprocal and ratio identities 


Subtract fractions 


Property of exponents 


Pythagorean identity 


Factor 


Reduce 


Multiply numerator and 


denominator by sec x -tan x 


Multiply fractions 
Pythagorean identity 


Ratio identity 


Multiply numerator and 
denominator by LCD 


Distributive property 
Factor 


Reduce 


Ratio identity 
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59. sinf A- cos^ A - (sin^ A- cos? A)(sin* A - cos? A) Factor 


- 1 (sin? A - cos? A) Pythagorean identity 

=1-cos* A- cos? A Pythagorean identity 

=1-2cos’ A Combine 
2 

cos B 2 
cot?B-cos*B Gn?R 0 B Poet. à oa 
61. oor Ratio identity and reciprocal identity 
esc B-1 EN 1 

sin’ B 


Factor cos?x from numerator 


-cos B Divide common factor 
sec’ y- tan* y (sec? y - tan? » (sec? y-tan? ») 
63. 5 z= = 5 5 Factor 
sec y+ tan” y sec y-tan' y 
-sec? y - tan? y Reduce 
=1 Pythagorean identity 
in^A- sinA - 2)[ sin? A+ 2sinA+4 
65. Sus Lie X - ) Factor as difference of 2 cubes 
sinA-2 sinA-2 
-sin^ A+2sinA +4 Reduce 
ELS. . . . 
T 
a sin’ x+sinxcosx _ sinx(sinx+cosx) Bor 


cosx -2cos!x cos x(1-2cos? x) 


sin x (Sin x + Cos x ; ; 
= ( Pythagorean identity 


cos x [(sin* x4 cos? x) -2cos? x| 


sinx sinx+cosx 


=> Separate fractions and simplify 
cosx sin x—-cos x 
sin x + COS x -— ; 
= tan x: — - Ratio identity and factor 
(sin x + cos x)(sinx — cos x) 


tan x 
=—— Reduce common factor 
sin x — cosx 


69. If 0=210°, sin210° = 1- cos? (210°) 


71. If 0 2 30' , then sin 30° = 


cos 30* 
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i (BY 
73. If 0 = 30°, [sin (30°)+cos? (30°) = |=] +] 
2 2, 
- 1,3 = V1 =1 
4 4 
Also, sin30° +cos30° = bn 3 
2 «9 
ELTE Suc dos 
2 
75. (sec B-1)(sec B+1)= sec’ B -1 Multiply 
= (tan? B+1) -1 Pythagorean identity 
-tan! B Combine 
77. Let x=0. Then sec0+cos0 = tanOsinO 
1+140-0 
220 
T ame E 
79. Let A= ER Then sec S — csc 3a # 4 3 zd 
d 4 4 cos 2E sin 2% 
4 4 
A2 42 
N-a 
aD NZ 
ET -242 12 
-1/2 
-24/2 = 24/2 
Bk 1 " -—- (1+sin x) n (1-sin x) 
l-sinx 1+sinx (1+sinx)(1-sinx) (1-sinx)(1+sinx) 
= 1+sinx+1—-sinx 
1-sin? x 
| 2 
cos? x 
-2sec!x 
83. sin(30°+60°)=sin90° and sin30°+sin60° is 
=1 
a (45/3. 
2 
Since 1» DS , this statement is false. 
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Combine 
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89. cosA=V1-sin’ A tanA = sin A 


cos Á 
: 1-(3) ES 
n 714 
E I LAT 
16 7 7 
E 
4 
TEE 
3 2 
93. cos. = NS 
6 2 
95. s 5.180 
12 12 x 
=15° 
97. csc  sin(-8) = cscÓ sing Sine is an odd function 
= uii -sin Reciprocal identity 
sin 
-l sing Œ? L.C.D. is sin 0 
sin sing 
. 2 
= c - nur 0 Multiply fractions 
sinO  sin0 
2 
- em Subtract fractions 
sind 
2 
= cos Pythagorean identity 
sind 
5.2 Sum and Difference Formulas 
EVEN SOLUTIONS 
2. The identity is: sin(x — y) = sinxcos y- cosxsin y 4. The identity is: cos(0 — $) =cosOcos@ + sinOsin 
6. The identity is: tan(C- D) = d UE 8. This statement is false. 
1+tanC tan D 


10. Using the difference formula for cosine: 


42.43 N2.1 6*2 


cos15? = cos(45? - 30°) = cos 45° cos 30° + sin 45° sin 30° = = 
2 21 2: 4 


12. Using the sum formula for tangent: 


v3 
o o — +1 
tan 75? = tan(30°+ 45°) = tan 30° + tan 45 3 X3 14341 4341. 342/841 44248. 4. 5 


I-tan30*tan4S* 455 J3 Eod dee 3-1 2 
3 


14. Using the difference formula for cosine: 


m Xo HW. de od. 
COS — = cos| — - — |= cos — cos — + sin — Si 
12 3 4 | 3 4 4 


nt y3. V2, V2 1 N62 
3 2 2 M uw 4 
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16. Using the sum formula for sine: 


V3 N2 1.82. N62 
2.. 2. 2:.2 4 
18. Using the difference formula for cosine: cos(x- 2m) = cos x cos2zt - sinxsin2z =cosxel+sinx*0=cosx 


sin105? = sin (60° + 45°) = sin 60° cos 45° + cos 60° sin 45° = 


20. 


Cc 


; ; ; ; T : m vod. . c 
sing the difference formula for sine: snfx - z) = smrc - cosmo =sinxe0-cosxel=-cosx 


22. Using the difference formula for sine: sin(180° — 0) = sin180°cos@ — cos 180°sin@ = 0+ cos@ -(-1)+sin@ = sin@ 
24. 


(æ 


sing the sum formula for cosine: cos (90° + 0) =c0s90°cos 6 -sin90°sin0 20*cos0 -1«sin0 = —sin0 


m 
tan x — tan — 

tanx-1 tanx -1 
26. 4 = 


c 


sing the difference formula for tangent: tan [: - | - 


mo a 
Letan x tan l+tanxel tanx+1 


28. Using the difference formula for cosine: cos : - H -COSX cos +sinxsin = =cosxeO+sinxe (-1) --sinx 


30. Using the difference formula for cosine: cos7xcos4x--sin7xsin4x = cos(7x - 4x) = cos 3x 
32. Using the difference formula for sine: sin8xcos7x-—cos8xsin7x = sin(8x - 7x) =sinx 
34. Using the difference formula for cosine: sin15°cos75° + cos15°sin 75° = sin(15° + 75°) = sin 90° = 1 


36. First use the sum formula for sine: y =sinxcos2x+cosxsin2x = sin(x * 2x) =sin3x 


The amplitude is 1 and the period is = . Graphing the curve: 


¥ 


38. First use the difference formula for cosine: y =2(cos4xcos.x+sin4xsinx) = 2cos(4x - x) =2cos 3x 


The amplitude is 2 and the period is = . Graphing the curve: 


y 


! y=2 cos 3x 
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; : i m LUE. d - 
40. Using the sum formula for sine: y= Sco t ELE - sin(x + z) 


The amplitude is 1, the period is 2% , and the horizontal shift is z . Graphing the curve: 


y 
A 


2 


y = sin (x + 7/4) 


42. Using the difference formula for sine: y= 2 sinxcos $ —cosxsin z) =2sin : - z) 


The amplitude is 2, the period is 2 , and the horizontal shift is a . Graphing the curve: 


y 


y =2 sin (x — 27/3) 


44. Since cosA = 22 and A terminates in quadrant III, sinA <0 and thus: 


13 
2 
Sides i eee eae pe e ce h- 2 es ES zs 
13 169 169 13 
Since sin B ge and B terminates in quadrant I, cos B > 0 and thus: 


5 
2 
cos B - N1-sin? B = 1-(2) = ieee poe 
5 25 25. 5 


Now use the difference formulas for sine and cosine: 
sin(A - B) = sin Acos B-cos Asin B = (- sso E | 3 ES + Bloom 


1345 13/5] 65 65 65 
cos(A - B) = cos Acos B + sin Asin B = od + (ee ee 
13)\5 13 )\5 65 65 65 
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E 3 
sinA _ 43 .12 and tanB= ae es — , therefore: 


cosA - A res cos B ve. 4 


Now note that tan A = 


12 3 33 33 
tan(A- B) = tanA-tanB — 5 4 _ 20 _ 20 _ 33 
1+ tan A tan B 1 123 1 36 56 56 
+ + 
5 A4 20 20 
; 33 
A-B) - 

Note that we could have also found tan(A - B) directly: tan(A- B) = SE ) E 
cos(A - B) Of 56 


Since sin(A- B) «0 and cos(A- B) «0, A-B must terminate in quadrant III. 


46. Since secA=V5 , cosA = RS Since A terminates in quadrant I, sin A » 0 and thus: 


T 


se ae 


Since sec B - J10 , cos B = —— . Since B terminates in quadrant I, sin B » 0 and thus: 


AE 


snp dico d (1 - i am 


Now use the difference formula for cosine: 
6 7 7 


cos(A-B)=cosAcosB+sin Asin B= (J Is) E zs 50 50 J50 52 
1 EE (542 


ex(A-B) Y g 7 


Therefore: sec(A - B) = 


48. Using the identity tan(A +B) = Steele 
1-tanAtan B 

andal 
6= 3 

1 

1-tanA*— 

3 
 3tanA«l 
3-tanA 


6(3-tanA) 23tanA «1 
18-6tanA = 3tan A +1 
17 =9 tan A 


aael. 
9 


50. Using the addition formula for cosine: sin 2x = sin(x+ x) = sin xcosx + cos xsin x = 2sin xcosx 
52. Working from the left side: 
sin (90° + x) -sin (90° — x) = (sin 90° cos x + cos 90° sin x) - (sin 90° cos x — cos 90° sin x) 
=(1+cosx+0+sinx)-(1+cosx-0«sinx) 
= COS x — COS X 
=0 
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54. Working from the left side: 
cos (x + 90?) - cos(x — 90°) = (cos xcos90? - sin xsin90?) + (cos x cos 90° + sin xsin 90°) 
- (cosx*0 - sin x*1) « (cosx «0 *sinx«1) 
- -sinx-sinx 
=0 
56. Working from the left side: 


T T T 2. X. T QE s 
cos(Z + x)+cos(Z -x)= [eos Z cosx sin sin [cos cos.r+sin sim 


1 45. 1 EN 
-|—cosx- —— sin x |+| — cos x + —sinx 
2 2 2 2 


1 1 
= — COS X +— COS X 
2 2 


= COS xX 
58. Working from the left side: 


T JU X T . T A. 4 Vb: X. 
sin} — + x |+ sın | — — x | = | sın — COS x + COS — sin X |+| SIN — COS X — COS — sin X 
4 4 4 4 4 4 


e 


—— cos X + — sinx — COS X - — sin X 
2 2 2 2 


40 048 


= —— COS X + — COS X 
2 2 


-42cosx 
60. Working from the left side: 


. (32 . (32 . 3m 3x . . 3 3x . 
sin} — + x |+ sin| — - x | = | sin — cos x + cos — sin x |+| sin — cos x - cos — sin x 
2 2 2 2 2 2 

- (-1*cosx 0 sinx) - (-1«cosx -O*sinx) 


—-—COSX-—COSX 


--2cosx 
62. Working from the left side: 


cos(A- B) * cos(A- B) =(cosAcos B -sin Asin B) + (cos Acos B+ sin Asin B) 
= cos A cos B + cos A cos B 


= 2cos Acos B 
64. Working from the left side: 


cos(A +B) cos Acos B -sin Asin B d cosAcosB  sinAsinB i cosA sinB 


= =— m =— =cotA-tanB 
sinAcos B sinAcos B sinAcosB sinAcosB  sinA cosB 
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66. Working from the left side: 


1 
A-B)=-— 
En ) cos(A - B) 
1 


= cos Acos B + sin Asin B 
1 cos A cos B - sin Asin B 


E cosAcosB+sinAsinB cosAcos B -sin Asin B 
_ cos Acos B - sin Asin B 

cos? A cos? B- sin? Asin? B 
_ cos(A + B) 

cos? A (1 - sin? B) - (1 - cos? A]sin? B 


_ cos(A + B) 

E cos? A - cos? Asin? B - sin? B + cos? Asin? B 
ME (A+B) 

7 cos? A -sin? B 


68. Graphing each side: 


y= cos x = sin (z/2 — x) 


This appears to be an identity. Working from the right side: 
NE: out m. 
sin( 2 -x = em Vosa - cos omy =]. cosx -0e sinx = cosx 


70. Graphing each side: 


y=sinx 


y = cos (a/2 + x) 


The two graphs are different, so it does not appear the equation is an identity. Evaluating each side when x = s : 
ME: mox 
sin— -1 cos| —+— |= coss =-1 
2 2- 32 


72. Graphing each side: 


y =— COS x = cos (zt — x) 


-1 
This appears to be an identity. Working from the right side: 


cos(z — x) = cos cos x +sin z sin x = -1« cosx +0 e sinx =-cosx 
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2m — 
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74. The amplitude is 3 and the period is 1 4a . Sketching the graph: 
Z 
y 
4 y= 3sin tx 
X 
Y 
sois DIE i 
76. The period is KC Sketching the graph: 
y 
n 
y = ese 3x 
th ? 
l 
2-4- l 
l 
l 
i4- I 
l 
< | 1 Hx 
m6 m3 a2 27/3 
3. 
-24- | 
a l 
l 
34 
' 
; . 1 i4 2L F 
78. The amplitude is 5 and the period is ay Sketching the graph: 
y 
A 
t- 
< x 
y= jcos 3x 
i. 
Y 
80. Using the addition formula for cosine: 
cos165? = cos(120? + 45°) = cos120? cos 45° - sin120° sin 45° = — L v2 - v3 . v2 =- v2 +V6 
20 2 2:32 4 
The correct answer is a. 
82. Using the subtraction formula for cosine: cos(270° - x) = cos 270? cos x + sin 270?sin x = 0* cosx -1e sin x = -sin x 
The correct answer is c. 
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ODD SOLUTIONS 


1. Sin XCOS y+cosxsiny 
tan C + tan D 
1-tanCtan D 
9. sin15* = sin(45° - 30°) 
= sin 45° cos 30° — cos 45° sin 30° 
 (N2 (N83) (N2 J 
2 2 2 A2 
.X6 42 
4 4 
| J6-48 
4 
13. EL SENE 
12 12 12 
mom 
=cos| —+— 
tu 
m ; 
= cos —cos — — sin— sin — 
4 3 
(X2 D- v2 43 
2. X2 2 2 
.N2 v6 
4 4 
| 2-46 
4 
17. sin(x-* 271) = sin x cos2m + cosx sin2zr 
- (sin x)(1)- (cos x)(0) 
-sinx 
21 cos(180* - 8) = cos180" cos6 + sin 180° sind 
- -1(cos0) * O(sin8) 
--cos0 
Chapter 5 


7. False 


3. cos0 cos 9 - sinOsin $ 


(See formula for sin(A +B) ) 


11. tan15° = tan(45° - 307) 
tan 45° — tan 30° 


~ 1+ tan 45° tan30° 
y- 
_ vB 
1 
1+1|—= 
a] 
3d Multiply numerator and 
E J3 +1 denominator b x5 
y 
(43-1 (3-1). 3-2V341 
(V3+1)(V3-1) — 3-1 
.4-288 8 


2 
15. cos105* = cos(60° + 45°) 


= cos 60° cos 45° —sin 60° sin 45° 


-5-453 


T 4x cut 
19. cos|x-— |= cosx cos — + sin x sin — 
3 2 2 
=cosx(0)+sinx(1) 
=sinx 
23. sin(90° +0) = sin90° cos@ +cos90° sind 
=1(cos@)+0(sin@) 


=cos@ 
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» tan x + tan — ae d a5 
25. un(x+ )- = 27. sin( 22 x] sin coss cos Sin 
1-tan x tan— 2 2 2 
4 
|o tanx+l =-1(cosx) - O(sinx) 
1 - (tanx)(1) =-cosx 
_ l+tanx 
]-tanx 
29. sin 3x cos2x + cos3x sin2x = sin(3x * 2x) - sin5x 
31. cos5x cos x - sin5x sinx = cos(5x + x) = cosóx 
33. cos15' cos 75' -sinl5' sin 75° = cos(15° + 75) -cos90' 20 
35. y =sin 5x cos3x - cos5x sin 3x 37. y=3cos7xcos5x+3sin7xsin5x 
y -sin(5x - 3x) - sin2x = 3[cos 7xcos5x +sin 7xsin5x] 
The graph is a sine curve with amplitude y- 3cos(7x -5x) = 3cos2x 
of 1 and period of zu =. The graph is a cosine curve with an 
2 
. i 2x 
amplitude of 3 and a period of pos =m. 
39. y=sinxcos Z -cosxsinŽ 
6 6 
=sin|x-Ž 
; 6 
The graph is a sine curve with: Amplitude = 1 Period =27 
T 1 T 
Horizontal shift = — Spacing =—(27)=— 
6 es 4 ( ) 2 
The 5 points on the x-axis we use are: B Em. EROR oe Im 
6 3 6 3 6 
The 2 points on the y-axis we use are: -1 and 1. 
41. y=2 sinx cos +cos x sin 
3 3 
T 
=2sin| x+— 
í | 3 | 
The graph is a sine curve with: Amplitude = 2 Period =27 
m 1 T 
Horizontal shift =-— Spacing =—(27)=— 
3 ieee 4 ( ) 2 
The 5 points on the x-axis we use are: as Z. a w: Bt : 
36 3 6 3 
The 2 points on the y-axis we use are: 2 and -2 . 
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43. If sinA = = with A in QII, then 


cos A 2 -N1-sin? A 


" 9 J6 4 

(N 25 W25 5 
tan A = SIDA 

cosA 

Nc. 

UMS. 4 


sin(A +B) = sin A cos B + cos A sin B 


"sss 


Also, if sinB = — B in QII, then 


cos B -- ja 
169 


- que. 12 
— VN169 13 
tan p - E 
os B 
EU 
-112/13 12 


cos(A + B) = cos Acos B - sin Asin B 


AEA 


..36 20 16 IU dde Qe 
65 65 65 65 65 65 
tan(A+B) = tanA+tanB 
1-tanA tan B 
E. 5 eu 1 
412 __3_3__l6 
14 3 5 i22 21 63 
4/12 16 16 


The angle (A + B) must terminate in QIV because the cosine is positive and the sine and 


tangent are negative. 


45. If sinA = 2 with A in QI, then 


cosA - 1-sin? A 


zhet 
5 


|. |4 
15 
NS 
E 3 
1 3 
Therefore, tan(A +B) = 2 4 
als) 
2/4 
5/4 | 
x 


The angle (A + B) terminates in QI because its tangent is positive. (If its tangent were negative, 


it would terminate in QII.) 


Chapter 5 


Also, tanA = sinA 


cos Á 


We have tan A= and tan B == 


1 
cot(A +B) = WaDLIH] TE) 
.l 
2 
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47. 


51. 


53. 


55. 


57. 


Chapter 5 


tan(A + B) = —————— 
ant * ) 1- tan A tan B 


anar. 
2 
1 
1-(tanA)| — 
(tan (2) 


3 S 2tanA+1 
1 2-tanA 


a 


6-3tanA=2tanA+l 


-5tanA--5 
tanA-1 
sin(90° +x) +sin(90° - x) 
= (sin 90° cos x + cos 90° sin x) + (sin 90° cos x — cos 90° sin x) 


=2sin90° cosx 
=2(1)cosx 

=2cosx 

cos(x - 90) - cos(x +90") 


= [cosx cos 90° + sin x sin 90°] - [cosx cos90° -sin x sin 90°] 


= [(cosx)(0) + (sinx)(1)] - [(cosx)(0) - (sinx)(1)] 
-sinx - (-sinx) 


=2sinx 
_ (2 . [T 
sin| =+ x |+sin] =- x 
6 6 
T m. “Tb m. 
=| sin —cos x + cos—sin x |+| sin — cos x — cos —sin x 
6 6 6 6 


. X 
-2sin—cosx 
6 


= 2( = penes 
2 


=COSX 


c x 
cos| x-- — |+cos| x- — 
3 | j 


JU g . 4 JU " . 4 
=| COS X COS— — SIN X SIN — |+| COSX COS — t sın X Sin — 
4 4 4 4 


-eosa |E] -eina Etoso emp 


=Ę42 cosx 
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tan A + tan B 49. 


cos 2.x = cos(x +x) 
=COSX COS X —sin x sin x 


- cos? x - sin? x 


Sum and difference formulas 


Combine 
Substitute exact value 


Multiply 


Sum and difference formulas 
Substitute exact values 


Multiply 
Subtract 


Sum and difference formulas 
Combine 


Substitute exact values 


Multiply 


Sum and difference formulas 


Substitute exact values 


Combine 
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59. 


61. 


63. 


65. 


67. 


69. 


71. 


Chapter 5 


3x 3x 
cos| x + — |+cos} x- — 
2 2 


- (cos XCOS » —sinxsin =) + (cos XCOS - +sin xsin =) Sum and difference formulas 


= (cosx(0) -sinx(-1)) (cos x(0) « sinx(-1)) 
-sinx-sinx 20 

sin(A+B)+sin(A-B) 

= (sin Acos B + cos Asin B) + (sin Acos B -cos Asin B) 
-2sinAcosB 

sin(A-B) sinAcosB -cos Asin B 

cos A cos B 


cos A cos B 
sinAcosB cosAsinB 


cosAcosB cosAcosB 
sinA sinB 


cosA cosB 
= tan Á — tan B 


sec(A +B) 
1 
7 cos(A +B) 
1 _cos(A-B) 
E cos(A B) cos(A- B) 
cos(A - B) 
(cos A cos B - sin Asin B)(cos A cos B + sin Asin B) 
cos(A - B) 
~ cos? Acos? B - sin? Asin? B 
cos(A - B) 


~ cos? Acos? B «sin? Acos? B —sin? Asin? B - sin? Acos? B 
cos(A - B) 
7 cos? B (cos? Asin? A) -sin? A(sin? B + cos? B) 
k cos(A - B) 
cos’ B(1)-sin^ A(1) 
cos(A - B) 


cos? B - sin? A 


m T x 4E. 
cos} — — X | = cos —cosx + sin —sin x 
2 2 2 


=0-cosx+1-sinx 
=sinx 


Let x=0. Then -cos0 asin{ 2 +0] 
-lel 


m T «OC a 
cos| — + x | = cos — cos x — sin —sin x 
2 2 2 


=0-cosx—-1-sinx 
--sinx 
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Substitute exact values 


Simplify 


Sum and difference formulas 


Combine 


Difference formula 
Separate into 2 fractions 


Reduce 


Ratio identity 


Reciprocal identity 


Multiply numerator and 


denominator by cos(A - B) 


Sum and differences formulas 


Multiply 


Add and subtract sin? Acos? B 


in denominator 


Factor by grouping 
Pythagorean identity 


Multiply 


Difference formula 


Evaluate functions 
Multiply 


Sum formula 


Evaluate functions 
Multiply 
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75. Amplitude = 2 


Period PEE 
4 2 


77. | Period = = 


A T m 
Asymptotes occur where y 2 cos3x is zero, or at 6 and 3 


We use the graph of y 2 cos3x and the asymptotes to sketch the graph of y = sec3x . 
79. Amplitude 22 


Period NL dn 
w/2 


5.3 Double-Angle Formulas 


EVEN SOLUTIONS 

2. The identity is: cos20 = cos? 0 - sin? 0 . Other forms are cos20 - 2cos? 0-1 or cos20 -1-2sin? 0. 
4. The statement is false. 

6. The statement is false. 


8. Since A terminates in quadrant III, cos A « 0 and thus: cos A » -v1-sin 2A --1-( -|-> -- ->= =- --| Z=- 


AY t 16 9 7 
Using the double-angle formula for cosine: cos 2A = cos ? A-sin" A= -|- 
5 5) 25 25 25 


10. Since tan A = ame = -25 z 2 , use the double-angle formula for tangent: 


cosA 27 


à) 8 
2tand — 7*4 1 25 316 24 
tan2A = A uis 7 ^x 05 
]-tan^ A i $ T e 
4 
RENE 


Therefore cot2A = — = —— = 
tan2A d 24' 


12. Since x terminates in quadrant IV, sinx <0 and thus: 


2 
sinx »-N1-cos? x =- 1- = =- 1- 2 -- | 7 XU 
4 16 16 4 


V7 3/7 


Using the double-angle formula for sine: sin2x = 2sin xcosx = (8 -——— 


4 8 
sinx - aN 47 
COS X of 3 
sie IT, 2T. 
2tanx = 


14. Since tanx- , use the double-angle formula for tangent: 


3 = 
tan2x = 3-- z= eee SCC 
1-tan^x JT 1- 7 2 
lajs 9 9 
3 
Chapter 5 Page 259 


Problem Set 5.3 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


16. 
So cosÓ = —— , therefore: sin = V1-cos” 0 =,{1- 1-7 = -= 
A (rs “ig oum 
1 3 Y 
Using the double-angle formula for cosine: cos20 = cos? 0 - sin? 0 = 
i : (as) nh 
2 
18. Since, from Problem 16, cos20 = i : sin20 - NI - cos? 20 = 1-(-4) = H -£ = Z = 2 
Therefore: csc20 = ee = V = 2 
sin20 3 3 
5 
20. Since csct 2 J5 , sint = i Since t terminates in quadrant II, cost <0 and thus: 
cost 2-N1- Ares ees et toe os 
UV s E 
: : ; E 1 2 4 
Using the double-angle formula for sine: sin2t = 2 sintcost = 2| —= || -—=]=-— 
J45À 45] 5 
4 1 1 5 
22. Since, from Problem 20, sin2t =-— ,csc2t = ——— = —— =-—. 
5 sin 2t -4 4 
5 
24. Using the double-angle formula for cosine: y=4 -8 sin? x= afi -2sin? x) =4cos2x 
The amplitude is 4 and the period is = = . Sketching the graph: 
y 
> xX 
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Since 0 terminates in quadrant I, sec >0 and thus: sec0 = M 0+1 =x d ls 49412 V10 


8 E 4 
10 5 
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26. Using the double-angle formula for cosine: y =4 cos? x-2= 2(2 cos? x- 1) =2cos2x 


The amplitude is 2 and the period is = = . Sketching the graph: 


28. Using the double-angle formula for cosine: y= 2cos? 2x-1=cos4x 


The amplitude is 1 and the period is = = > . Sketching the graph: 


y=cos 4x 


> Xx 
Y 
30. Computing each side: 32. Computing each side: 
cos90? 20 sin 300° = 43 
2 2 
mop V2) _ L cx 
pom -1-2 ae NE 2sin150°cos150° = 2(1 -2 |- -33 
2 2 2 
Therefore cos90? =1-2sin? 45° . Therefore sin300° =2sin150°cos150° . 
5 5 
2tanA 12 6 I 5 144 120 
34. Using the double-angle formula for tangent: tan2A = = = = =—e = 
1-tan? A 5) 4-25 119 6 119 119 
diesen B 144 
12 144 
M 1 2 o 1 2 o o o J3 
36. Using the double-angle formula for cosine: cos^ 165? -sin^ 165° = cos(2* 165 ) = cos 330° = En 
Ts : 2 o o o 43 
38. Using the double-angle formula for cosine: 2cos^ 105°-1= cos (2 *105 ) =cos210° = nd 
40. Using the double-angle formula for sine: sin T cos = : sin|2. |= l sin” = : . v2 = v2 
8 8/ 2 4 2 2 4 
42. Using the double-angle formula for tangent: a E at tan(2+112.5°)= zu 225° = Hi E 
1-tan^112.5* 2 2 2 2 
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44. Working from the left side: 


2 2 2 


x—sinxcosx+sinxcosx—sin? x ^ cos? x -sin? 


(cos x - sinx)(cosx + sin x) = cos x =cos2x 


- 2 
1-cos20 _ 1-[1-2sin a) .l-1*2sin^0 2si?8 9 
2 2 


46. Working from the right side: 7 j n*g 
sin? 0 
E 2 a 2 2 ela 2 
48. Working from the right side: : A oe E 0 2s g m a a cos20 
1+tan“ 0 l4 sin^O cos” +sin^ 0 
cos? 8 
cosx sinx cos?x-sin?x  cos2x cos2x 
50. Working from the right side: cot x - tan x = —— - =— =— =2.— =2cot2x 
sinx cosx sin x cos x lsin 2x sin2x 
52. Working from the left side: 
cos 30 = cos(0 +20) 
= cos0 cos 20 -sin 6 sin 20 
- osé [2cos? 0 -1) —sinO *2sin0cos0 
- 2cos? 0 -cos - 2cose(1 - cos? o) 
- 2cos? 0 - cos0 - 2cos0 4 2cos? 0 
- 4cos? 8 - 3cos0 
54. Working from the left side: 2sinf x+2sin? xcos? x - 2sin? x(sin? x-£ cos? x) =2sin? x 
Working from the right side: 1-cos2x =1- ( -2sin? x) -1-1242sin? x =2sin? x 
Since both sides simplify to the same expression, they are equal. 
2.2 
56. Working from the left side: cscO - 2sin0 = EN -2sinf = Econ i - posed 
sind sinO sinO 
58. Working from the left side: 
cos4A =cos(2A+2A) 
=cos2Acos2A—sin2Asin2A 
= (cos? A -sin? A)(cos” A -sin? A) - (2sinAcos A)(2sinAcos A) 
- cos^ A -2sin? Acos? A c sin A - Asin? Acos? A 
- cos^ A 6sin? Acos? A c sin^ A 
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60. Working from the right side: 


1 cosx sinx 
sec xcscx —cot x + tan x = - — + 
cosx sinx sinx cosx 
1 cos? x E sin? x 


sinxcosx sinxcosx sinxcosx 


2 2 


1-cos* x+sin* x 


sinxcosx 


1- (cos? x -sin? x) 


sinxcosx 
1-cos2x 


E sin2x 
2 


T 2-2cos2x 
sin2x 


62.  Graphing the two curves: 


The equation appears to be an identity. Working from the right side: 


2cosx 3 
2cotx z sinx 2sinxcosx sin2x 
2 = Six, = 3-7 > = tan2x 
csc^ x-2 1 _2 sin^x (-2sin^x  cos2x 
sin? x 


64. Graphing the two curves: 

y = csc 2x 
Fa E 
f y= 


A+ x 


| An6 
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The equation does not appear to be an identity. Substituting x = a into each expression: 


2 


m m 
sec — + csc — = +2 
6 6 | vB 


C 
43.7 2:245 


ese(2+Z) ose = 7 
6 


3-3 


1 


m m 
2sin— -2cos — Er) e 
6 6 2 5 2 


43 1-43 ¥3-3 


2 


2 
80+ 4sin26 = 80 +4(2sin 8 cos) « 80 « 8sin&cosÓ = Ssin 1 7. 8«7« ions = 8sin erai 


4 4 


4-2x? 


Graphing the curve: 
y 


ax 2xV4-x T 
2 


2si 


cdi ey, 
2 


2-x? 


y=sinx+ icos 2x 


66. Since x-4sinO , sinO =Z and thus 0 = sin! . Draw the triangle: 
4 
N16-x 
163^ 
So cos = ———— . Thus the expression becomes: 
68. Since x-2sinO , sinO -5 and thus 0 = sin”) = . Draw the triangle: 
2 
N 4 E r2 
So tan@ = . Thus the expression becomes: 
4-x? 
eee ; 
20-1n20-28-. 920 ogg 1E Y4- X" gi 
1- tan^ 0 2 TEE: 
4-x 
70. Graphing the curve: 72. 
y 
A 
y=3+3 cosx 
X. 
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74. Graphing the curve: 


76. Using the double-angle identity for cosine: cos? = -sin? Z = cos(2 eT cost = v3 . The correct answer is a. 
12 12 12 6 2 
2sinx 
78. Working from the left side: cA — 908 — . d = E M - 2sinxcosx =sin2x 
1+tan“ x it sin^x cos^&x cos^x-sin^x 
cos? x 
The correct answer is d. 

ODD SOLUTIONS 

1. 2sinxcosx — —À;-— 

]-tan' y 
5. False (See formula for cos2A ) 


7. If sinA = 4 with A in QII, then 


Therefore, 
sin2A = 2sin A cos A 


9 cos2A - cos! A-sin? A 
4 2; 3 2 
IE 
my 9i cud 
25 25 25 
T sin2A _ 24/25 _24 
cos2A 7/25 7 
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11. If cosx =Ž with x in QIV, then 13. sin2x - -J1- cos (2x) 


cos2x - 2cos? x-1 els i E 63 
64 64 
2 
ZH -1 LAN 
4 8 
EE cot2 cos2x 
16 sin2x 
B m o 1⁄8 O O1 _ ā Ẹ7v 
8 8 -3V7/8 37 2 
15. If tan8 -2 with 0 in QI, we can draw the triangle at the right and 


find the hypotenuse using the Pythagorean Theorem. 
hypotenuse = JT? +3? 
=v1+9 V10 
= 10 3 


3 1 
Then, sin@ = —— and cos0 = — . 
410 410 


I herefore, sin 20 = 2sin0 cos 
410 /A A10 10 5 
1 


3 
17. From problem 15, we know that sin@ = —— and cos? = —. 
P 410 410 
4 


1 


2. 2 
cos 20 = cos? sin? 9 =[ | )4 i | UM eee 


4/10 4/10 10 10 


1 5 


sec 29 = ——— = —— =-— 
cos20 -4/5 4 
ae ge . 1 1 
19. If csct = J5 with t in QII, then sint 2 —. 21. sec2t= 
NI cos2t 
Therefore, cos2t =1-2sin’t = ES - 5 
3/5 3 
2 
1 
=1=2| -= 
EJ 
ETE 
5 5 
23. y=2-4sin’ x The graph is a cosine curve with amplitude =2 and 
2x 
-2(1-2sin? x eriod - — - 
(1~2sin®s period = 2 

=2cos2x 

25. y=6cos* x-3 The graph is a cosine curve with amplitude =3 and 
2x 
-3(2cos? x-1 eriod - — =a. 
(200s! x-1) period = 2 

= 3cos2x 
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27. y-1-2sin? 2x The graph is a cosine curve with amplitude =1 and 
2m m 
=cos2(2x eriod = — =—. 
(2%) k 4 2 
=cos4x 
29. sin 60° = 8 2sin 30° cos 30° 22 ; X5 
2 2^2 
sais 
2 
Therefore, they are equal. 
2 2 
31. cos 120° = -cos 60° cos? 60° - sin’ 60° = o - e 
o l mu. 
2 4 4 
o d 
2 
Therefore, they are equal. 
33. iade. CIMA 35.  2sinl5' cos15° = sin2(15°) = sin30° ae 
l- tan A 2 
_2(N3) -2x43 
(By 1-3 
Be Us 
-2 
37. 1-2sin? 75* = cos2(75*) 39. sin cos = l 2sin= cos 7 
12. .12- .2 12 12 
=cos 150° ey m 
2 12 
s 1.24 
=-—cos 30 =—sin— 
2 6 
28 21 
2 242 
zl 
4 
ái 1 io 
1-tan'225' 2 
= lun 45° 
2 
1 1 
ac dy 
2l ) 2 
43. (sinx- cosx)? =sin°x-2sinxcosx+cos?x Expand 
= (sin? x+cos? x) —2sinx cosx Commutative property 
-]-2sinxcosx Pythagorean identity 
-]-sin2x Double-angle identity 
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45. 


47. 


49. 


51. 


53. 


55. 


57. 


1+cos20 142cos'6-1 
Xx 2 
 2cos^ 0 
A 
- cos! 0 
sin20 i 2sinO cos 
1-cos20 1-(1-2sin' 0) 


. 2sin@cosé 
2sin? 0 
cos 


sing 
- cot 
sinx cosx 
+ 


tanx+cotx = 


cosx sinx 
sinx sinx cosx cosx 


" cosx sinx sinx cosx 
7 sin? x +cos’ x 
-sinx cosx 
= 1 
-sinx cosx 
1 


T non 
2 
=2csc2x 
sin 30 = sin(20 +0) 


- sin 20 cos 4 cos 20sinO 


=(2sin@cos@)cos@+(1—2sin’ 0 |sinO 
( )cos6 +( 


- 2sinO cos? 0 - sinO - 2sin^ 0 

- 2sin6(1- sin" 0) «sin -2sin' 8 
- 2sin0 —2sin? 0 * sin0 - 2sin^0 
= 3sin0 - Asin 0 


Double-angle identity 


Combine 


Reduce 


Double-angle identities 


Subtract 


Reduce 
Ratio identity 


Ratio identities 
LCD is sinx cosx 


Multiply and add fractions 


Pythagorean identity 


Double-angle identity 


Reciprocal identity 
Addition 

Sum formula 
Double-angle identities 
Multiply 

Pythagorean identity 
Multiply 

Combine 


cos! x- sinf x = (cos? x+sin’ x)(cos? x —sin? x) Factor 


- (cos? x —sin? x) 
-COS2x 
cos 20 cos? 0 - sin? 0 


sinOcos0 sin cos 
cos? 0 sin’ 0 


sinOcos@  sinOcos0 
cos  sinO 


sinô cos@ 
=coté - tanO 
sin4A =2sin2A cos2A 


- 2 (2sin Acos A)(cos? A —sin? A) 


= 4sin A cos? A- 4 sin? A cos A 


Chapter 5 


Pythagorean identity 
Double-angle identity 


Double-angle identity 


Separate into 2 fractions 


Reduce 


Ratio identities 
Double-angle identity 


Double-angle identities 


Distributive property 
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sinx 
l-tanx ___cosx 


59. 


1+tanx 1+ snx 
cosx 


sinx 
cosx|1- 
COS X 


sinx 
cos + | 


COS X 
7 cosx —sinx 

F COS X Sin X 

E cosx-sinx : cosx-sinx 
F cosx+sinx cosx-sinx 
= cos? x -2sinxcosx+sin’ x 


cos? x - sin? x 
B 1-2sinxcosx 
7 cos? x - sin? x 
" 1-sin2x 
E cos2x 


6l. cot2x = cos 2x 


sin2x 
2 oD 
cos x-sin x 
sin2x 
cos!x sinx 


= COS X oe 


sin2x 


| 
COS x -sin x tan x 


sin2xsecx 


Ratio identity 


Multiply numerator and 


denominator by LCD 


Distributive property 

Multiply by a fraction equal to 1 
Multiply fractions 

Pythagorean identity 
Double-angle identities 

Ratio identity 

Double-angle identity 


Multiply numerator and 


denominator by 
cosx 


Ratio identity and reciprocal identity 


63. Let x=, 
6 6 


Sec 


x, (23/3) (2) 


(z^ sec” (æ / 6)csc? (x/6) 


csc” (zt / 6) sec" (x/6) 


3 (2) +(2V3/3) 


1 


243 16/3 243 
# or # 
3 16/3 
65. First, we find 0: x=S5tan@ 
tan@ = Č 
5 
0-tan^ = 
5 


Next, we find sin20 by drawing the triangle at the 
right and using the Pythagorean Theorem: 


hypotenuse - x^ +5° Then sin20 =2sin@cos0 


= V2 425 (=| 


" 10x 
x?425 
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0 : sin20 , 
4 


Last, we evaluate: 


EE 5x 
tan = 5 
x^ +25 


67. First we find 0: x=3sin0 


sing =~ 
3 


0-sin ^t 
3 
Next, we find sin20 by drawing the triangle at the 9-x? 
right and using the Pythagorean Theorem: 
adjacent side = 3^ - x? Then, sin20 - 2sin0cos0 
2 (ze -x | 


34 3 


-N9-x 


Last, we evaluate: 


0 sin20 1l. ,x 1/2 
- - sin 
2 4 2 3 4 


69. Let y, -2 (a horizontal line) and y, » -2cosx (a cosine curve reflected about the x-axis with 


amplitude of 2). Graph y,,y, and y= y, * y, on the same coordinate system. 

71. Let y, 2 cosx and y, = ssin2x (a sine curve with amplitude of ; and a period of = or m). 
Graph y,,y, and y=y,+y, on the same coordinate system. 

73. Let y, = P (a line) and y, 2 sinzx (a sine curve with amplitude of 1 and period = = = 2): 


Graph y,,y, and y= y, * y, on the same coordinate system 
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5.4 Half-Angle Formulas 


EVEN SOLUTIONS 


2. 


The half-angle formula for cos allows us to find the cosine of half the angle if we know the cosine of the angle. 


4. The identity is: d = pedals 
2 2 
6. The statement is false. 
8. The statement is false. 
10. If 90°<A<180°, then 45° < 2 « 90? , thus 2 terminates in quadrant I. 
o o o A o A è s 
12. If 270° < A < 360° , then 135? < P «180? , thus 5 terminates in quadrant II. 
o o o A o A s € P A P ER 
14. If 180? «A «270^ ,then 90? < 5 «135? , thus 5 terminates in quadrant II. So ur is positive. 
16. False. For example, cos120° = - while cos60*? = ; . 
V3 
1-cos330° 1-5 
18. Using the half-angle formula for tangent: tan165? = — - =-2+4/3 
sin 330° d 
2 
20. Using the half-angle formula for cosine (note that cos 75? » 0): 
V3 
sin 75° x, [L=£08150" _ eS. Be. Ae 
2 2 4 2 
22. Using the half-angle formula for sine (note that sin105° > 0): 
13 | 
EIECTUS up" a aes 2-13 
2 2 4 2 
Note the negative value since 105? lies in the second quadrant. 
24. Since 270? < A < 360? , 135? < 2 «180? . Thus 2 terminates in quadrant II, so cos <0 and therefore: 
1 1 
A [1 cosA i 2 E V3 
cos— =- =- =, |>=- 
2 2 2 4 2 
: ò " > A 5 A ; ; . A 
26. Since 270° < A < 360° , 135? < 2 «180? . Thus D terminates in quadrant II, so iur >0 and therefore: 
. A 1-cosA 
sin— = | = 
2 2 
Then: a - BR = zh =2 
. A 1 
sin— /2 
2 
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28. Since A terminates in quadrant III, cos A <0 and thus: 
cosA =-V1-sin? A =-,|1- -,{1- s 
5 T Ios 
Since 180? < A < 270? , 90? < 2 «135? . Thus 2 terminates in quadrant II, so sing >0 and therefore: 
_ A _ [I-cosA Bs alg 25 
sin— = = 
2 2 26 ES x 
30. Since, from Problem 28, sin = x , CSC— = : A : 
Siac E. 
^ XB 
32. Since B terminates in quadrant III, cos B <0 and thus: 
cos B = -N1-sin 12-4 -— -, [1 RENE 
Since 180? < B < 270? , 90? < din «135? . Thus Z terminates in quadrant II, so sin >0 and therefore: 
. B 1-cosB 34 2 
sin— = | ES E 
2 2 
Thus csc p = Ly- 
2 n^ Es n 
2 6 
t B B ; ; B 
34. First find oS (note that F terminates in quadrant II, thus eoe «0): 
122 
aoe Bt wt EET 
2 
Thus sec = 
ET m N3-242 
36. Using the results from ae 32 and 34: 
. B 34242 
DE Ner 6 em. XC az- 1 33242 34242. 3 242 
2 oos? aa NEN ao AN Xu. l 
2 6 
2 
38. Since A terminates in quadrant II, cos A <0 and thus: cos A =-y1 -sin?A = =, n ZB =- II E -- Z = P 
A ; F . A 
Also note that 3 terminates in quadrant I, thus us >0 and therefore: 
1 3 
.A fi-cosA_ [75 f 2 uS 
sin— = = = = = 
2 2 2 5 X45 5 
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2 
40. Since B terminates in quadrant I, cos B » 0 and thus: cosB- NI -sin? B = il -&) - [i -2 = s - 


Note that B terminates in quadrant I, thus cos >0 and therefore: 


4 
B (seas ji s [9 3 wo 
cos— = = = = 2 
2 2 2 Vio vio 10 
42. Using the half-angle formula for cosine: y= 6cos? 5 = ( Lie 


J- 3(1+cosx) 2 3 3cosx 


The amplitude is 3, the period is 2% , and the vertical translation is 3 units. Now graphing the curve: 
y 
A 


y=3+3 cosx 


Y m 2z 3z 4r 
1-cosx 


44. Using the half-angle formula for cosine: y= 2sin? 5 = dl 5 


| =]- cosx 
Now graphing the curve: 


y= | -cosx 


Y a 2x 3x 4 


46. Working from the left side: 2cos? H - ome -1-4cos0 


sin?0 $ 1- cos? 6 2 (1+cos@)(1-cos@) 


Working from the right side: -1-4cos0 
1-cos0  1-cos0 1-cos0 
Since both sides simplify to the same expression, they are equal. 
48. Working from the left side: csc? A = au = —- = =e 
y 2A 1-cosA l-cosA 
sin^ — 
2 2 
EA 
Working from the right side: ESSE EE OWA QUUM. 
secA-1 1 _1 cosA 1-cosA 
cosA 
Since both sides simplify to the same expression, they are equal. 
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1 
sec B B cos B sinBcosB sinB _ m 
sec B cesc B + csc B l. 4 i l  sinBcosB 1+cosB 2 
cosB sinB sinB 


50. Working from the right side: 


52. Working from the left side: 


X X X 1 
tan — — cot — = tan— — x 
2 2 tan— 
sinx sin x 


E 1l+cosx ~ ]-cosx 
sin x(1-cosx) - sinx(1-- cosx) 
[E 2 


1-cos^x 
sin x(1-cosx -1-cos.x) 
sin? x 

| -2cosx 
© sinx 

--2cotx 

; : .50 1-cos0 
54. Working from the left side: 2sin 5 - 2 7 J- 1-cos0 
Working from the right side: sin'ó . pee = sin” e post) = sin” 20 Eroe) -1-cos0 
1+cos@ 1-cos0 1-cos?0 sin? 0 


Since both sides simplify to the same expression, they are equal. 


2 
56. Working from the right side: 1—2cos20 + cos? 20 = (1 = COS 20} = (2 sin? e) - Asin^ 8 


58. Let0- aresin > , SO sind = i . Draw the triangle: 60. Let 0 -arctan2,so tan0 =2 . Draw the triangle: 
5 
3 
4 l 
; c3 ; 3 1 5 
Therefore: sin| arcsin — | - sin0 = — Therefore: cos (arctan 2) = cos 0 = —= = — 
5 5 V5 5 
62. Let 0=cos™! x , so cos@ =x . Draw the triangle: 64. Let6-sinx , so sin =x . Draw the triangle: 
1 
x 41- x? 
Therefore: sin(cos"' x) =sin@ - y1-x? Therefore: tan(sin“! x) =tan0 = s 
1-x 


66. Since 270? «0 « 360? , 135? « : «180? . Thus ? terminates in quadrant II. The correct answer is b. 


68. Using the half-angle identity for cosine: y - 4 cos? =4 (som) =2+2cosx 
This graph is a cosine curve with amplitude 2 and vertical displacement 2. The correct answer is c. 
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ODD SOLUTIONS 


1. A av va fi -cosx 
2 2 
Eon 7. False (See formula for aa) 
sin y 2 


9. If 0° <A «90' ,then - « E « T or 0° «A «45'. Therefore, A terminates in quadrant I. 


11. If 180° < A < 270° , then um a 


or 90 < A «135'. Therefore, A terminates in quadrant II. 


2 2 
13. If 270° < A < 360’ , then = < E « N or 135° « A«180'. Therefore, A terminates in quadrant II and cos is 


negative. 


15. False: If A= 400°, then sinA is positive. However, <= 200° and sin is negative. 


o 


o 
cos| — 
2 


= [1 +cos 30° 
2 


irs gee A243 


4 2 


17. cos15* 


19. tan 75° = wn) 21. = sinl05°= snl 20 | 


2 
" 1-cos150* 


E J1 —cos210° 
sin 150° 2 


224453 


23. If A is in QIV, then 270° « A « 360° and 135' « 2 «180^. Therefore 2 is in QII. 


A 14 cos A A 1 1 243 
25. cos — = -,|—— —— sec— = ris m. 
2 2 2 cos -53/2 3 
2 
XE 
Eu NE CONES 
2 2 2 
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27. If A is in QU, then 90° < A <180° and 45° < 2 <90°. Therefore, 2 is in QI. 


If sin A = = ,then cosA - -/1-sin? A Therefore, 082 - Be = 
-h2 
169 
NE Lu 
169 
o 12 
13 
1 
29. sec — = A 
cos— 
1 2% 
X26 
31. If B is in QIII, then Z is in QII. (See Problem 21) 
If sin B = 4 ,then cos B 2 -NJ1- sin? B Therefore sin -- e = 
242 
1 1+—— 
e H 2 = 3 
9 2 
8 | 342 /2 Multiply numerator 
V9 " 6 and denominator by 3 
| 
3 


Use the information from problem 31 to solve problems 33 and 35: 


gis dax e. tenes LONE E dd 
2 2 2 sin B 
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37. cos A 2 -NJ1-sin? A 


cos = [oe (in QI) 
: ES Lens 
E 2 N5 5 
B 


39. If B is in QI, then $ must be in QI. 


If inB-- ,then cosB - J1- sin? B 


BERLINS 
25 N25 5 


1-cosB 


Therefore, sin - 


2 


41. -4sin? t 
d 2 


This graph is a cosine curve with amplitude of 2. It has been reflected about the x-axis and has a vertical translation 


of 2. 
43. - 2cos? ud 
d 2 


EE em 


2 
E | 1+cosx | 
2 
=1+cosx This graph is the standard cosine curve with a vertical translation of 1. 
1 cosé 
cscO-cotO cing sing A "ET 
45. = Reciprocal and ratio identities 
2cscO 2 
sind 
1-cos0 
-—sinü _ Subtract 
v 
sinO 
QUO Divide 
2 
NDA 0 
=sin 3 Half-angle formula 
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47. sec? A = 


a aeee 
" 1+cosA 
2 2 


1 
~ T+c0sA 
2 
PEN: 
" l+cosA 
2 
1 
secA 
i 2secA 
g secA+1 


1+ 


49. tan — = 


1 cos B 
sinB sinB 
=csc B -cot B 
x x l-cosx 1 
51. tan—+cot— = — -————— 
2 2 sin x sin x 
1+cosx 
= l-cosx 1l+cosx 


sin. x sin x 
1-cosx41-4cosx 


sin x 


tanÜ-sinÜ  cosg 
2tanO 2sin 6 
cos 
. sin@+sin6cosd 
7 2sin@ 
sin (1+cos@) 
" 2sin@ 
_1+cosé 


Chapter 5 


Reciprocal identity 


Half-angle identity 


Simplify 


Divide 


Reciprocal identity 


Multiply numerator and denominator by secA 


Half-angle identity 


Separate fractions 


Reciprocal and ratio identities 


Half-angle identities and reciprocal identity 


Divide second fraction 
Add 


Combine 


Reciprocal identity 


Ratio identity 


Multiply numerator and 


denominator by cos0 


Factor 
Reduce 


Half-angle identity 


Page 278 


Problem Set 5.4 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


2 
1 cos20 cos?20 1 2cos!0-1 (2cos? 8 -1) 
+ + =—+ + 


55. = 
4 2 4 4 2 4 
E 5 2(2cos^ 8 -1) » 4cos* 0 -4cos? 0 «1 
4 4 4 
E 1--4cos^ 0 -244cos' 0 -4cos^ 0+1 
4 
_ 4cos* 0 
4 
- cos* 0 
59. Let peat Then sine” and -Z <9<2. 
3 3 2 2 
We draw a triangle and label the opposite side and the hypotenuse. 
Then we find the adjacent side using the Pythagorean Theorem: 
adjacent side = y3° -17 = V8 2242 
Using the figure, cos@ = 242 
61. Let B 2 arctan3. Then tan B == and -5<6<5. 
We draw a triangle and label the opposite and adjacent sides. 
Then we find the hypotenuse using the Pythagorean Theorem: 
hypotenuse = T^ +37 
= V1+9 = 10 
Using the figure, sin f = RR ENT] 
JIO 10 
63. Let 0 - tan! x. Then tang == and ERE 
We draw a triangle and label the opposite and adjacent sides. 
Then we find the hypotenuse using the Pythagorean Theorem: 
hypotenuse 2 x^ +1? 2 x^ +1 
Using the figure, cos@ = : 
x +l 
65. Let 0 =cos"x. Then cos == and F055. 
We draw a triangle, label the sides, and then find the missing 
side: 
opposite side = I^ -x^ 
-X1-x? 
: . V1-x? 
Using the figure, tan0 = 
x 
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LCD is 4 
Combine 


Simplify 


Reduce 


Pl 


3 
1 
V 
242 
JIO 
3 
1 
X 
1 
1 1-x? 
X 
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5.5 Additional Identities 
EVEN SOLUTIONS 


2. After assigning a new variable to each inverse trigonometric function, draw a right triangle and use right triangle 
trigonometry to label two of the three sides. 


4. The identity is: sin xsin y = s [ess - y)- eos (x ^ y)] 


x+y x-y 


6. The identity is: cosx + cosy = 2cos cos ae 
. 3 i 3 1 1 : 
8. Let a= DE , SO sina = P Let B= aida ,so tan f = 5^ Draw the triangles: 
5 V5 
3 1 


4 


N 


Therefore: 
; = 3 1 : ; ; 3\f 2 4M 1 10 2. 2N5 
sin BIEN EOD = sin(a+ B) =sinacos B +cosasin p = + af = = 


5ANS] \5/\ v5 


10. Let æ=tan™!2 ,so tana =2. Let p= cos! ; , SO cos - . Draw the triangles: 
V5 2 
2 J3 
1 1 


Therefore: 


1\_(1\(¥3)\_2-V3 _2V5-vi5 
5) a 245 10 


i -1 EB ; ! ; 2 
sin| tan 2 — COS — |2-Sin(Oo« — = SIN Œ COS D — cos a sın D = 
| ;-s e) d s- CEN 


12. Leta- tani ,so tana = 1 . Draw the triangle: 


5 
3 
4 
3 4^ BË 16 9 7 
Therefore: cos(2 tan! H - cos(2a) = cos? a-sin? a= | | -( | = -— = 
4 5 5 25 25 25 
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14. Leta- sim , SO sina = i . Draw the triangle: 


3 
l 
2V2 
Therefore: sin|2sin7! ae sin(2a) = 2sinacosa = 2E 242 = 4v2 
3 3 3 9 
16. Let a=cos x ,So cosa = x . Draw the triangle: 
| 
V1-# 


1-x? 


Therefore: tan(cos™! x) = tan q = 
x 


4px X ; 
18. Let a=tan 2 , SO tana = 2 . Draw the triangle: 


Y44 X 


20. Using the triangle from Problem 16: sin(2 cos! x} = sin(2a) -2sina cosa 22«N1 =x exe 2xV1—x? 


22. Leta sin !x,so sina =x. Draw the triangle: 


V1-x 


2 
Therefore: cos(2sin™! x} = cos (2a) = cos? a-sin? a= (vi -x | - x? si-x -x =1-2x 
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24. Let a= tan"! , so tana = = . Draw the triangle: 
V(x-2) +4 
x-2 
q(x- y vx -4x48 
Therefore: sec| tan"! =seca = 
26. Substituting A = 150° e B = 30? into PED formula ds 
L[sin(A« B) esin(A - B] - 1 (sin180? +sin120°) aloe 39.35. 
2 2 2 2 2: 2 4 
sin A cos B = sin150? cos 30° = E v3 = v3 
242 4 
Both sides of the formula evaluate to the same number. 
28. Using product formula (4): 10sin5xsin3x -10* s[e0s(5x - 3x)-cos(5x+ 3x) = 5(cos 2x - cos8x) 
30. Using product formula (2): cos2xsin8x = 5 [sin(2x + 8x) -sin(2x - 8x)] - [in 10x - sin(-6x)] - 5 in10s *sin6x) 
32. Using product formula (1): sin60?cos30? = [sn (eo: + 30°)+sin(60°- 30°) = 5 [inso *sin30*]- ZU + ;) = I 
34. Using product formula (3): cos4z cos2z = [eos (40 * 21)* cos(4z - 2z)] - [c0s6x *cos2z]- (1 +1)=1 
36. Substituting a =180° and 6 =60° into sum formula (8): 
cosa — cos f) = cos180? - cos 60° = -1 2 = -2 
-2 sin ËP Es fees cE san ei O a ec! 2.03, 43.3 
2 2 2 2. 2 2 
; .[(5x*x|). [5x-x .[6x|. (4x , : 
38. Using sum formula (8): cos 5x -cosx = -2sin z sin J --2sin F sin ru = -2sin3xsin2x 
40. Using sum formula (6): 
sin 75 in 15^ = 2cos( 2 m sin nig -2cos 20 sin m =2cos45°sin30° =2 e Izd X» 
2 2 2 2 492-0. 
42. Using sum formula (7): 
T 3x x 3z 
er ocolos. 8 8 cos .8 8 |=2cos = cos APER V2 ds Bru = V2 cos Z 
8 8 2 2 4 8 2 8 8 
3x+x 3x-x 
3x +COSX Book 2 ud 2 2cos2xcosx cosx 
44. Working from the right side: 2 — = = —— = —— =cotx 
sin3x-sinx 5 ES i e 2cos2xsinx  sinx 
cos| ——— |sin 
2 2 
4x+6x 4x-6x 
sin4x+sin6x n SE 2 2sin5xcos(-x) cosx 
46. Working from the right side: = = - : =-—— =cotx 
cos4x—cos6x — 5 [ss ; E -2sin5xsin(-x) -sinx 
-2sin sin 
2 
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48. Working from the right side: 
3x4+5x)\. [3x-5x 
-2 sin g i : . 
cos3x-cos5x _ 2 2 E -2sin4xsin(-x) . 2sin4xsinx crm 
sin3x-sinSx 5 | 3x4 x : | 3x- a 2cos4xsin(-x) -2cos4xsinx 
cos 5 sin j 


The amplitude is 1, the period is 2% , and the horizontal shift is E 


50. 
y 
A 
a2 
TH y = cos (x — 7/3) 
r> x 
zx 
Y 
m 
52.  Theamplitude is 1, the period is = =x , and the horizontal shift is 7 = 2 : 
» 
y = sin (2x — 77/3) 
> Xx 


54. 
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56. Using the product formula (4): 6sin4xsin3x - 6* s [ss - 3x)- cos(4x * 3x)] = 3cosx-3cos7x 


The correct answer is b. 


.([4x*2x Ax-2x 
in4x+sin2x 2m 2 idi 2 2sin3xcosx COS X 
58. Working from the left side: Sn = = =- =-cotx 


cos 4x —cos 2x 2si Ear (=) —2 sin 3x sin x sinx 
-2sin sin 3 


The correct answer is a. 


ODD SOLUTIONS 
1. angle 3. [sin(x+y) -sin(x-y)] 5. 2c057 73 sin 72 
7. Let a= aresin > and f =arctan2 . 


Then sina - and -90° «a <90° and tan f -Ż and -90° < B < 90°. 


Also, cos(aresin 2 = arctan? = cos (a = B) =cosacos p +sin asin B 


We draw and label a triangle for œ and another for f: 


2 
3 2 


Using the Pythagorean Theorem we find the missing sides: 1 


adjacent side = 45^ -3° hypotenuse = JT? + 2? 


This problem is continued on the next page. 


Then, sina = i sin B = 


cosa == cos B = —= = 


Substituting these above, we get: cosa cos f +sinasin f = d 
5415 5| 5 25 25 25 5 


HE ES | ANS 65 1045 245 


il 


1 
' = and B=sin'—. 
2 P 2 


9. Let a = tan 
Then tana - and -90' «a < 90° and sin B - and -90 < p x90". 
-1 1 ESI 1 
Also, cos| tan QS -cos(a* B) 
- cosa cos f) -sina sin f 


We draw and label a triangle for œ and another for f: 
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Using the Pythagorean Theorem we find the missing sides: 


hypotenuse = T^ +2? adjacent side = V2” -1° 
=V14+4 =V5 =/4-1= 3 


Then, ne a np 
V5 5 2 

iode. 29. opel 

45. 5 2 


Substituting these above we get: 


245 | A43) (45 J 
5121,55 (5 
2415 X45 _ 2Vvi5-V5 
7549. 10 = d 


cosa cos f) -sinasin f | 


11. Let a=cos' >. Then cosa =È and 0° <a <180°. 


Also, LE cos” $) =sin2a 


=2sina cosa 


We draw and label the sides of a triangle and using the 
Pythagorean Theorem, we find the opposite side: 


opposite side =, (5) -(v5) = 20 = 25. 
From the figure, we have 
245 V5 
5 and cosa = EN 


sino = —— 


Substituting these above, we get 2sina cosa = | 


13. Let a= tan . Then tana - and -90° «a < 90°. 


Also, cos[2 tan” 3) =cos2a 


=cos’a@-sin’ a 
We draw and label the sides of a triangle and find 
the missing side: 


hypotenuse 242^ 435 - 449 = 4/13 


. i 2 i 
From the figure, we find cosa = —— and sing = 


v13 


Substituting these above, we get cos? a -sin^ a = 
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3 
2 
3 
A13- 
2 d 80 4 9_ 5 
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15. 


17. 


19. 


21. 


23. 


25. 


Let a -sin'x. Then sina = x and -90° < æ < 90°. 


We draw and label the sides of a triangle and find 
the adjacent side: 1 


adjacent side - J^ -x° - J1-x? 


From the figure, we find tana = 


1-x? 


Let a -sin! 2 . Then sina = = and -90° < æ < 90°. 


We draw and label the sides of a triangle and find 
the adjacent side: 3 


adjacent side - 43^ -x° =V9-x? 
V9—x? 
x 


From the figure, we find cota = 


Let a 2 tan! x. Then tana - and -90 < æ < 90°. 


Also, sin(2 tan” x) =sin2a 
-2sina cosa 


We draw and label the sides of a triangle and find the missing 
side: 


X 
hypotenuse = yx’ +1 


x 1 

and cosa = 
Vx? +1 xl 1 
x 1 » 2 
Vx +1 V+ x 


Let a =cos"x. Then cosa =x and 0°<a<180°. 


sina = 


Substituting these above, we get — 2sinacosa - 2 


We want to find cos(2 cos” x) =cos2a 
-2cos!a-1 
=2x -1 


Let o = sec axl Then EA and 0° «o <180° 
3 x+1 


We draw and label the sides of a triangle and find x+l 
the missing side: 


opposite side =4(x+1} -(3y =Vx°4+2x4+1-9 - Ax? -2x-8 
opp wx *2x-8 


From the figure, we find sina = 
hyp x4l 


sin 30° sin120° = —| cos —cos150° | 27.  lOsin 5x cos 3x 


[cos( 
BH). A 5) = (i)n 3x)+sin(5x-3x)] 


=5(sin8x+sin2x) 
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33. 


35. 


37. 


41. 


43. 


cos 8x cos2x = 


= 5 [c0s(8x+2x)+c0s(8x-2)] 


= i cos10x 4 cos 6x 
2 


sin3zsinz = 5 [ees -a) -cos(3z +2)| 


= E cos 2m — cos 4t 
2 


s[i-1]=0 


sina -sin f = sin 30° —sin 90° 


sin 7 x +sin 3x =2sin 


. 70 . m 
sin — — sin— =2cos 
12 12 


sin 3x +sin x 


Tx+3x 


= 2sin 5x cos 2x 


COS 


Ta m 


7x -3x 


2 


Ta x 


mu. 
= 2cos—sin— 
4 


3x +x 
2 


2sin 


COS 


3x-x 


2 


cos 3x - cos x 3x+x 


Chapter 5 


—2 sin ——— sin 
2 


2sin2x cosx 
—2sin2x sin x 


COS X 


sinx 
=-cotx 


3x -x 


2 


+ — 
2 12 n12 12 


2 


31.  cos90'sin180* 
= 5 [sin(90° +180°) -sin(90° -180°)] 
z 5 (sin270 -sin(-90)) 


-5[-1-(-0)]-0 


a+Ê SP 
2 
30°+90° . 30° -90° 
S sin 
2 2 
= 2cos 60 sin (-30*) 


2cos 


-2co 


39. cos45°+cos15° 


-2cos 


45' «15 45'-15* 
cos 
2 2 
= 2 cos 30° cos15° 


= [3 fonts = V3 cos15 


Sum to product formulas 


Simplify 


Reduce 


Ratio identity 
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sin 3x -sinx 2cos2xsin x 


45. - - - Sum to product formulas 
cosx-cos3x  -2sin2xsin(-x) 
- Peete Reduce and sine is odd function 
sin2x(-sinx) 
= QAAE Reduce 
—sin2x 
=cot2x Ratio identity 
sinSx+sin3x — 2sin4x cosx 
47. = Sum to product formulas 
cos3x+cos5x 2cos4x cosx 
= Sine Reduce 
cos4x 
=tan4x Ratio identity 
49. The graph is a sine curve with a horizontal shift of E ; 
4 
51. Amplitude = 1 Period = zm =I Horizontal shift =-2 = Ž 
2 2 4 
X 1 X 
One Cycle: 02x- — x2z Spacing = —(;z)-2— 
y : pump pe 
T 2x< m 
2 
T 5x 
—<x<— 
4 4 
; ; au 3 5a 
The 5 points we use on the x-axis are: —,—,——,z,—. 
42 4 4 
The 2 points we use on the y-axis are: 1 and -1. 
5 
53. Amplitude = 2 Period = 2m Horizontal shift - 2. = T. 
2 3 3 6 
T : l(2z)| x 
One Cycle: 03x -— x 2x Spacing 2—|— |-— 
2 4\ 3 6 
z <3xs SH 
X 5x 
—<x<— 
6 6 
; ; au mw 2m SH 
The 5 points we use on the x-axis are: —,—,—,—,—. 
632 3 6 
The 2 points we use on the y-axis are: - and ; : 
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cos 
1. Working from the left side: cott _ sind _ gos’ und cos0 
csc 0 1 snO 1 
sing 
2. Working from the left side: (secx -1)(sec.x +1) = sec? x -sec x +secx - 12 sec? x-1 = tan? x 
2 A S 
3. Working from the left side: sec@-cos0 = - cosQ*. cosg = cor! aan £ = sig 
cos cos0 cos cosÜ cos 
i t(1+sint t(1+sint i 
4. Working from the left side: = = cosi . peau = CERIS) Sii ean!) est 
l-sint 1-sint 1+sint 1—sin2 t cos? f cost 
5. Working from the left side: r + : = ee a = 2 a= - -2sec?t 
l-sinf l-«sinf ]-sin^t l-sin^t 1-sin“t cos^t 
6. Using the addition formula for cosine: cos( 3 + o) = cos cost - sin sind —- 0*cos0 -lesin - -sin0 
7. Working from the left side: cos^ A -sinf A = (cos? A+sin? A)(cos? A -sin? A) -1*cos2A -cos2A 
8. Working from the right side: mee = SASS = ZSIACUSA - cos =cotA 
1-cos2A 1-(1-2sin? A) 2sin2A sinA 
cosx sinx cos?x-sin?x cos2x 
9. Working from the left side: cot x - tan x =—— - =— =— 
sinx cosx sin xcosx sin x cos x 
sinx 
10. | Working from the right side: EON e como. COR. ENA s 
secx 41 1 +1] Cosx l+cosx 2 
cosx 
11. Sketching the graph: 
sec? a 2 2 
yz ——— =cs a + seca 
sina y 
a+ 
1 I—1—r*& 
6 4 -2 2 4 6 
-2-L 
acr. 
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The equation appears to be an identity. Working from the right side: 
1 1 
csc? a +sec? a = z ts 
sin” a@ cos“ a 
cos? a sin? a 
sin? acos*a sin? acos a 


cos? a -*sin^a 


sin? acos? a 
1 
sin? a cos? a 
1 1 


sin? a cos? a 


sec? [04 


sin? a 


12.  Sketching the graph: 
y-csc 0 sec 0 
2+ a l 
tan 0 + cot 0 


The equation does not appear to be an identity. Evaluating when 0 = + : 


esc sect = 2 2 =2 ee ee ee 


The two expressions are not equal. 


2 
13. Since A terminates in quadrant IV, cosA » 0 and thus: cos A = V1-sin? A = iG) - 1-2 = E - 


Since B terminates in quadrant II, sin B >0 and thus: 


2 
sin B = J1-cos? B = 1- EJ - fe SE pegs 
17 289 289 17 


Using the addition formula for sine: sin(A B) = sin Acos B + cos Asin B =| — A + i [S - zu + a = E 
5/N 17 5/7/ 85 85 85 


14. Using the subtraction formula for cosine and the results from Problem 13: 


cos(A - B) = cos Acos B + sin Asin B = = [- i + -2) ER ae ene 
5 17 5 A17 85 85 85 


15. Using the double-angle formula for cosine and the results from Problem 13: 
8Y (15Y 64 25 16 
17 17 


cos2B= cos? B-sin? B= [- = = 
289 289 289 


16. Since 270° <A x 360°, 135° < 2 < 180° . So sing » 0 , therefore (using the results from Problem 13): 


4 
.A [osa |3 [1 1 Jio 
sin — = = = = = 
24 2 2 Vio J0 10 
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17. Using the half-angle formula for sine (note that sin 75° > 0): 


V3 
sin 75° a, [L=£081 50" _ as E 
2 2 4 2 


We could also solve this using the addition formula for sine: 


V2 83. V2 1 462 
2 


sin 75? = sin(45° + 30°) = sin 45° cos 30° + cos 45° sin 30° = 
2 2 a 4 


18. Using the difference formula for cosine: 


SENE Eae 


T a T Zo X . 
COS— = cos| — — — | = co0s— cos — + sin — sin — = 
12 | 3 3 3 4 3 4 Gy 2 242 4 
19. Using the addition formula for cosine: cos4xcos5x -sin4xsin5x = cos(4x + 5x) =cos9x 


20. Using the addition formula for sine: sin15°cos75° + cos15°sin 75° = sin(15? + 75°) = sin 90° = 1 


21. Since 180°<A<270°,cosA <0 and thus: cosA - -N1- sin *a--i-| - "ES EE Lee -— =- a 


Using the double-angle formula for cosine: cos2A = cos ? A-sin? A=|- -|- 
i à Js x A J5 fe S 5 5 


Since 180° < A x 270?,90? < : x135? and thus cos «0 . Therefore: 


jme. E d = AE 
10 
22. Since secA- Lm odios. Since 0° < A <90°,sinA>O and thus: 


Tm 


2 
; / | 1 | 1 [9 3 
sin A = V1- cos? A = ns] =,/l-— =,/— =-= 
410 10 10 410 


Using the double-angle formula for sine: sin2A =2sin Acos A = | 3 | : |- $ = 2 


Ji10A 10) 10 5 


1 
1- 
Since 0° « A «90*,0* <Ê «45* thus sin >0 . Therefore: sing oe - v10 - l T 


2 2 2410 20 
23. Using the addition formula for tangent: 24. Using the double-angle formula for cosine: 
tan(A+B) = tan A + tan B cos2x 2 2cos? x-1 
]-tanAtanB 1 , 
1 — -2cos* x-1 
tan A+ 5 2 
a= 1 2cos? x = 2 
1- tan A e — 2 
? 3 
_2tanA+1 cos x= 7 
2- tan A 
3(2-tanA)=2tanA+1 d o 
2 
6-3tanA=2tanA+1 
5=StanA 
tanA =1 
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. 4 : 4 ] 
25. Let a=arcsin—,so sina 2 —. Let fj =arctan2 ,so tan f 22 . Draw the triangles: 


5 5 
5 
UI 
3 
_4 "P 3M 1 | (4\( 2 11 11V5 
Therefore: cos| arcsin — —- arctan 2 | = cos(a — D) = cosa. cos p +sinasin f = t - - 
(amin mamana ose) economie [SJ MESS je ee 


1 1 1 1 : 
26. Let a= aregos 5 ,so cosa=—.Let fj =arctan— ,so tan fp = 3 . Draw the triangles: 


2 3 
2 vi0 
v3 1 
1 


Therefore: 


N 


J0) 240 2 


: 1 1 : : ; 
sin G i arctan = sin(a * p) = sina cos f +cosasin f | 


I E 


27. Leta sin !x,so sina 2 x. Draw the triangle: 


N 


2 
Therefore: cos(2sin"! x} = cos 2a = cos? a-sin? a= ( 1-x? | -x =1-x -x =1- 2x? 


28. Let a=tan™! x ,so tana =x . Draw the triangle: 


1 


Therefore: sin(2 tan! x) =sin2a =2sinacosa = | E 5 


| 1 | 2x 
V14+x7 J\Wi4+x?) 1+ Td 
29. Using the product-to-sum formula: sin6xsin4x = [eos (6: -4x)-cos(6x+ 4x)] - 5 (c0s2x -cos10x) 


30. Using the sum-to-product formula: 


rer) (eres) 1 jS V2 
2 COS 


cos 5° +605105° = 2cos[ 2 = 2cos60*cos(-45*) - 2*7 * 
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Chapter 6 
Equations 


6.1 Solving Trigonometric Equations 


EVEN SOLUTIONS 
2. When solving a simple trigonometric equation, first isolate the trigonometric function, and then determine the values 
for the angle itself. 
4. Graphically, each solution will appear as either an x-intercept or zero for a single graph, or a point of intersection of 
two graphs. 
6. a. The solutions are 0 =180°+ 360° . 
b. The solution is 0 2180? . 
8. a. The solutions are 0 = 135° + 360?&,225? + 360° . 
b. The solutions are 9 =135°,225° . 
10. a. The solutions are 0 =135°+180°K . 
b. The solutions are @ =135°,315°. 
12. a. Note that cos ! (0.75) ~0.72 and 2 - cos ! (0.75) = 5.56 . 
The solutions are x 20.72* 2kz,5.56 * 2kz . 
b. The solutions are x 20.72,5.56 . 
14. a. Note that sin ! (0.8125) 40.95 , so æ &sin ! (0.8125) ~ 4.09 and 2% - sin ! (0.8125) = 5.33. 
The solutions are x = 4.09 - 2kz,5.33«42kz . 
b. The solutions are x = 4.09,5.33 . 
16. a. Note that tan ! (025) ~0.24 ,so z-tan (0.25) = 2.90 . 
The solutions are x 2 2.90 +k . 
b. The solutions are x = 2.90,6.04 . 
18. a. Solving the equation: 
2cos0 -1 
cos@ = 1 
2 
0 = 60? + 360?&,300? + 360? 
b. In the interval 0? < 0 « 360? , the solutions are 0 = 60°,300° . 
20. a. Solving the equation: 
2cos0 € 43 =0 
2cos0 - -//3 
cos @ = 28 
2 
0 2150?  360?&,210? + 360°k 
b. In the interval 0? < 0 < 360? , the solutions are 0 = 150°,210° . 
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22. a. Solving the equation: 


2tan0-2-20 
2tan0 - -2 
tan - -1 


0 2135? 4 180?K 
b. In the interval 0? < 0 « 360? , the solutions are 0 = 135°,315°. 
24. a. Solving the equation: 


V3 45sint = 3sinf 
2sint - -/3 


sint = -—— 
2 
fa oi T obs 
3 3 
é $ 4r 5x 
b. In the interval 0 x t <27 ,the solutions are t = mS : 
26. a. Solving the equation: 
5cost +243 = cost 
4cost = Sous 
cost = -— 
(aoe ino” OER 
6 6 
‘ i 5a Tr 
b. In the interval 0 x t <2, the solutions are t = rare , 
28. a. Solving the equation: 
3sint c4 24 
3sint 20 
sint 20 
t-kz 
In the interval 0 « t <2 , the solutions are t 20,z . 
30. a. Solving the equation: 
4sin0 - 320 
4sin0 =-3 
sin 0 = MS 
4 


0 = 228.6? + 360°k,311.4° + 360? K 
b. In the interval 0? < 0 < 360? , the solutions are 02 228.6°,311.4° . 


32. a. Solving the equation: 
4cos0 -123cos0 +4 


cos0 - 5 
Since -1«cos0 x1,cos0 25 is impossible. This equation has no solution (2) 


b. In the interval 0° « 0 < 360° , the equation has no solution (Ø) . 
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34. a. Solving the equation: 
sinb — 4 =-2sin0 


3sin@ =4 


dust 
3 


Since -1<sin@ <1,sin@ = : is impossible. This equation has no solution (2) à 


b.  Inthe interval 0° « 0 « 360? , the equation has no solution (Ø). 
36. a. Factoring: y+2xy=y(1+2x) 
Factoring: tan0 + 2cos@tan@ = tan6(1+2cos@) 


38. a. Factoring: 2x7+3x+1 =(2x+1)(x+1) 


Factoring: 2sin? 8 +3sin0+1 = (2sin@ +1)(sin@ +1) 
40. a. Setting each factor equal to 0, tanx 2 0, or tanx-1=0 when tanx=1. 


Thus the solutions are x = kr kn. 


5a 


: j X 
b. In the interval 0 < x < 2z , the solutions are x= MD : 


42. a. Factoring the equation: 
cosx -2sinxcosx =0 
(cosx)(1-2sinx) 20 


Thus either cosx 20, or 1-2sinx 20 , which occurs when sinx = ; , 


Thus the solutions are x = Z paka tka ed ; 


g . anu Sr 3x 
b. In the interval 0 x x <2z , the solutions are x = —,—,—,—. 


6 2 62 
44. a. Factoring the equation: 
2cos? x &cosx -120 


(2cosx - 1)(cosx £1) 20 


; 1 
Thus either 2cosx-1=0, so costen ,or cosx+1=0, so cosx=-1. 


Thus the solutions are x = z t2kz,m- 2a D +2kr . 


: : m 5x 
b. In the interval 0 x x « 2z , the solutions are x = ALS : 


3 
Mc "E 
46. a. Setting each factor equal to 0, 2sin@ - =0 when sin@ = a ,or 2sin0 - 120 when sin@ = 5 . 


Thus the solutions are 0 = 30? + 360°k,60° + 360? &,120? + 360? &,150? + 360? . 
In the interval 0? « 0 « 360? , the solutions are 0 = 30°,60°,120°,150° . 


48. a. Factoring the equation: 
tan -2cos0tan0 - 0 


(tan8)(1-2cos8) 20 
Thus either tan0 20 or 1-2cos0 =0, so ES 


Thus the solutions are 0 =0°+180°k,60° + 360?&,300? + 360°k . 
b. In the interval 0° « 0 « 360? , the solutions are 0 = 0°,60°,180°, 300° . 
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50. a. Factoring the equation: 
2sin? 0 - 7sin = -3 
2sin? 9 -7sin8 3-0 
(2sin0 -1)(sin@ - 3) =0 


Thus either 2sin0 - 1-0, so sin@ = T or sind - 3-0, so sin0—3 , which is impossible. 


Thus the solutions are 0 = 30° + 360°k,150° + 360° . 
b. In the interval 0? < 0 < 360? , the solutions are 0 = 30?,150? . 
52. a. Using the quadratic formula with a = 2, b = 2, and c = -1: 
PR zo +42? Sou sd _-2+vV4+8  -22243  -1& X3 
2(2) 4 4 2 
Since -1«cos0 x1, cos0 2 -1.37 is impossible. Thus 0 = 68.5? + 360°k,291.5°+360°K . 
b. In the interval 0? < 0 < 360? , the solutions are 0 = 68.5°,291.5°. 
54. a. Using the quadratic formula with a = 1, b = -1, and c =-1: 


+ = 2 = = + + 
1x 4(-1)* - (1-1)  levbRA 1e 5 ~ 062,162 
2(1) 2 2 
Since -1 <sin x1, sin0 21.62 is impossible. Thus 0 2 218.2? 4 360?&,321.8? - 360?K . 
b. In the interval 0? < 0 < 360? , the solutions are 0 = 218.2°,321.8°. 


= -1.37,0.37 


sing = 


56. a. First write the equation as 2cos? 8-4cos041-0. Using the quadratic formula with a = 2, b = -4, and c = 1: 
+ = 2 i + =Z + + 
cos  35NCAY -4QXD. 42 V16-8 _422V2 2242 T 
2(2) 4 4 2 


Since -1«cos0 «1, cos@=1.71 is impossible. Thus 0 = 73.0? + 360? &,287 0? +360°k . 
b. In the interval 0? < 0 < 360? , the solutions are 0 = 73.0?,287.0? . 
58. The principal solutions are 0 = 60? and 0 2120? . Therefore: 


A + 50? = 60? + 360°K A4 50? 2120? + 360^ k 
A 210? 360^ A 2 70? +360°k 
60. The principal solutions are 0 = 60? and 0 = 300° . Therefore: 
A * 30? = 60? + 360? A + 30? = 300? + 360? Kk 
A = 30° + 360°k A= 270? +360°k 
TM : Tr lla 
62. The principal solutions are 0 = Ea and 0 = E Therefore: 
dtl A. iMm. 
9 6 9 
A- Ei kn A= ome kn 
18 18 


64. The principal solutions are 0 = = and 0 = 2 . Therefore: 


au. mer fe i 
12 4 12 4 
duc ux da a 
3 6 
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66. Solving the equation: 68. Solving the equation: 


2-5cos(x+1)=4 
ET 2tan(x-1)+11=-9 
2 2tan(x-1)- -20 
eos(rel)e-- tan(x - 1) - -10 
=f -1 
x4l2m-cos | BL B x-lez-tan (10),2z-tan (10) 
> x-1=1.67,481 
x+1=1.98,4.30 x~267,581 
x =0.98,3.30 
70. Solving the equation: 
-5416sin? x -4 
16sin? x «9 
sin? x = 2 
16 
: 3 
sinx =+— 
4 
x=sin7! BE -sin'! 3 QU sin! 3 520 - sin! 2 
4 4 4 4 
x = 0.85,2.29,3.99,5.43 
72. Graphing the equation: 74. Graphing the equation: 
y 
A 
y st y=4sin6+3 
6+ 
4L 
2- 
90° 180° 270° 360° < t t meli 
90° 180° 360° 
3A 4- 
Y Y 
The zeros are 0 2150?,210? . The zeros are 04 228.6°,311.4°. 
76. Graphing the equation: 78. Graphing the equation: 
A y= tan 0 — 2 cos 0 tan 0 : 
4T. | RE y=2 cos? @+2cos 0-1 
| 
a+ [ 
| 
l 
- 4 4 »- 0 
90° 180° 270° 360° 
Peo | 
I 
4+ | AA- 
Y Y 
The zeros are 0 =0°,180°, 60°, 300° . The zeros are 0 =~ 68.5?,291.5?. 
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80. Graphing each side of the equation: 82. Graphing each side of the equation: 
$ 


PIRA ^ y--2sin 0 
pA B 
2 yzl 
2 < > 0 
" - 0 ad. 270° 360° 
360° 
a 4+. 
yz2cos0 
4+ 6- y=sinĝ -4 
Y Y 
The intersection points are 0 = 60?,300? . There are no intersection points. 
84.  Graphing each side of the equation: 86. Graphing each side of the equation: 
y y 
à | /2-2cos! 0 
10 L yz2sim 0-7 sin 0 6-- aidé 
4+ 
6+ 2+ 
2+ < | f o 
i - 0 ERI 90 180 270 360 
-2-4- 180* 270* 360° aL y=1-4cos@ 
y=-3 
6+ ^ -6-- 
Y Y 
The intersection points are 0 = 30°,150° . The intersection points are 0 = 73.0°,287.0° . 
88. Graphing each side of the equation: 
y 
=j zs 
y-sin (A + 50?) 
The intersection points are A 2105,70? . 
90. Substituting v = 600 and 0-2 45? : h= -16i? +600rsin 45° = -161? + 6001* - --166? «30042 t 
2 
92. Let t=V3: h= -16(V3) + 30042 + V3 =-48 + 300V6 ~ 686.8 ft 
94. Substituting v = 1500, t= 3, and h = 750: 
750 = -16(3)° * 1500(3)sin8 
750 = -144 + 4500sin0 
894 = 4500sin8 
sing = 994. 0.1987 
4500 
0211.5? 
96. Using the double-angle formula for cosine: 
cos2A = cos? A-sin? A = cos? A -( - cos? A) = cos? A-1+cos? A 2 2cos? A-1 
98. Using the addition formula for sine: sin(@ + 30°) = sin@ cos 30° + cos Osin 30° = us ad t SUE 
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100. 


2 A2 2 2 4 
102. Working from the right side: --— - APR MS mE ard - eee = an =sin2x 
tanx+cotx snx 5 cosx sinxcosx sin? x+cos” x 
cosx sinx 
104. The correct answer is b. 
; a V2 
106. First write the equation as cos(A+40°) = a Then: 
A+40° 2 45? +360°k A+40° =315°+360°k 
A =5°+360°k A =275°+360°k 
The sum of the first two positive solutions is 5° + 275° = 280°. The correct answer is d. 
ODD SOLUTIONS 
1. angle, true 3. reference, 0°, 360°, 360° 
5. cos0 =0 7. sno- 
a. 0290' «180 k a. 0 -60' and 0 is in QIII and IV 
0 2 240^ + 360 k or 0 = 300° + 360 Kk 
b. 0 290' or 270° 
b. 082240! or 0 2 300° 
9. tang = V3 11. sinx =0.25 
a. 0 - 60^ and @ is in QI and III a. x=0.25 and 0 is in QI and II 
0 260^ +180°k x 20.25 -2kz or x 2 2.89 * 2kz 
b. 0260! or 240° b. x=0.25 or x 2 2.89 
13. cos x = -0.1250 15. tanx=2.5 
a. x=1.45 and @ is in QII and III a. x=1.19 and @ is in QI and III 
x 21.69 -2kz or x 2 4.59 e 2kz x-21.19- kx 
b. x=1.69 or x 2 4.59 b. x=1.19 or x = 4.333 
17. 2sinü =1 19. 2cos0-43-0 
sing - 2cos0 = 4/3 
0 - 30^ and@ is in QI or QII cos E 
a. 0=30°+360°K or 150° + 360°k 6 =30°and @ isin QI or QIV 
a. 6 =30° + 360°k or 330° + 360°k 
b. 8230'or150* 
b. 6 2 30^ or 330° 
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cos105? = cos(45? + 60?) = cos 45? cos 60° — sin 45° sin 60? = E : Hz g | = v2 -v6 


Problem Set 6.1 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


21. 


25. 


29. 


33. 


41. 


V3cot@ -1-0 
V3 cot =| 


cota als 


V3 


0 =60° and 0 is in QI or QII 
a. 0 - 60^ +180°k 


b. 0 = 60° or 240° 


2 cost = 6cost -V12 
—4 cost = 2343 


48 


cost = — 
2 


iz and t is in QI or QIV 


a. te T Aokn or DE aka 


sing 20.75 
0 -48.6^ and 0 is in QI or QII 
a. 0 = 48.6° + 360°k or 131.4^ + 360°k 
b. 0 =48.6°or 131.4° 
sin —-3=5sin@ 
-3 = 4sin@ 
sing =-0.75 


6 =48.6° and @ is in QII or QIV 
a. 0 =228.6°+ 360° or 311.4^ + 3607 k 


b. 02228.60r311.4^ 


sinx +2sinxcosx =0 
sinx(1+2cosx)=0 
sinx =0 or 1+2cosx =0 


2cosx--1 


1 
cosx =- = 
2 


23. Asint - V3 =2sint 
2sint zu 
4/3 


sint = — 
2 


roo and t is in QI or QU 


a. pa Oke or 20m 
3 3 
b. pat Or zm 
3 3 
27.  3sint* 52 —2sint 
5sint 2-5 
sint 2-1 
^ 3m 
f2— 
2 
a TUN 
p 
b. pem 
2 
31. 2cos0-5-3cos0-2 
—-cos0 =3 
cos - -3 


There is no solution because cos@ 
must be between -1 and 1. 


39. (sinx-1)(2sinx-1)-0 
2sinx-1-20 or 
2sinx =1 


; 1 
sinx = — 
2 


^ X 
x=— (QlorII 
6 


a. x = 42kr or ST okr or x=242kr 
6 6 2 


b. sd opot 
6 6 


t= + (QII or III) 


a. x=ka or x= aka or AF iaka 


Chapter 6 


b. x=0,7 by tt Or S 
3 3 


Page 300 


sinx -1=0 


sinx =1 


T 
or x=— 
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43. 2sin? x-sinx-1=0 
(2sinx -1)(sinx -1) 20 


2sinx 4120 Or sinx-120 
t 1 : 
sinx =-— sinx =1 
2 
a. unl abs or Ie o or xe aka 
6 6 2 
Ta lla m 
b. x2 — or — or yan 
6 6 2 
45. (2c0s0+V/3)(2cos0+1)=0 
2cos0 4 4/3 =0 or 2cos0 «1 =0 
2cos0 sas 2cos0 --1 
EE cos e 
2 2 
6 = 30° (QII or III) 0 — 60^ (QU or IIT) 
a. 02150'- 360 Kk or 210 - 360 Kk Or 0 =120° + 360'k or 240° + 360 k 
b. 0=150° or 210° Or 0 =120°or 240° 


47. V3 tan@ —2sin0 tan =0 
tan6(V3 -2sind) =0 


tang =0 or V3 -2sin@ =0 
—2sin@ esq 
aioe 
2 
a. 0=0°+180°k or 0 2 60^ +360°k or 120° +360°k 
b. 0-20 'or 180° or 0 2 60^ or 120° 
49. 2cos?0411cos0 45 20 
(2cos8 -1)(cos0 - 5) 20 
2cos8+1=0 or cos8+5=0 
2cos0 =-1 cos@ - —5 
cos@ --5 No solution 


6 = 60° (QII or III) 


a. 0 =120°+360°k or 240° +360°k 
b. 0 =120° or 240° 
51. 2sin 0 -2sin0 -120 where a =2,b = -2 ,c = -1 
o _~(-2)#(-2) AN — 2212 
sin@ = = 
2(2) 4 
sin 0 = —0.3660 or sin 0 = 1.3666 
0 =21.5° and @ isin OIII or QIV No solution 


a. 0 =201.5°+360°K or 338.5 4360 k 
b. 0 2201.5 ' or 338.5" 
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53. cos? 0 cos0 -1-20 where a21, b-l, c--1 


-IeJP-4(D(-1 1245 


cos@ = = 
2(1) 2 
cos0 2 0.6180 Or cos@ - -1.6180 
0-518 (QI or II) No solution 


a. 0251.8 4 360'k or 308.27 - 360 k 
b. 0251.8. or 308.27 
55. 2sin^ 01-2 4sinO 
2sin°@-4sin@+1=0 where a=2, b=-4, c=1 


-()= diy -42)) _ 428 


sin@ = 
2(2) 4 
sin@ = 0.2929 or sin@ =1.7071 
6 =17.0° (QI or ID No solution 


a. 6=17.0°+360°k or 163.0° +360°k 
b. 0217.0 or 163.0° 


57. cos(A -50") = 33. 
2 
A —50' 2 30 +360°k or A —50' = 330° + 360°k 
A= 80° +360°k A= 380° +360°k or A= 20° +360°k 
59. sin(A«30)-1 
2 
A+30° = 30° € 3607 Kk or A+30° =150° + 360°k 
A=360°k A=120° +360°k 
61. cos A-Z zat 
9 2 
Ja eA oin or AU eee 
9 3 9 3 
A=—+4+2kn A= dk 
63. sin A EZ 
12 2 
PURLABOLU E or ape 
12 4 2 
dd Bia Ac eR 
6 3 
65. Asin(x-2)+3=6 x-2=085 or x-2=2.29 
sin(x-2)==, let u=x-2 x=2.85 x-429 
u=0.85 and u is in QI and II 
u 20.85 oru 2 2.29 
67. 7 - 5tan(x - 3) 2 -13 x+3=133 or x 432447 
tan(x+3)=4, let w=x+3 x=-167 *  x-147 
u =1.33 and wis in QI and III * x=-1.67 +27 24.61 because we want values 
u =1.33 oru=4.47 between 0 and 27. 
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69. 7+9cos’ x- 8 x 21.23 and x is in all quadrants 


cost rec x 2123,1.91, 4.37, 5.05 


1 
cosx =+— 
3 


For problems 71 through 87, see textbook answer section for graphs. 
89. h 2-166 e vtsinO where v = 1,500 ft/sec and 0 = 30° 
--16t^ «1500: sin 30* 


- 161° aso ( 
2 


--16t^ 4 750t 
91. h=-16t°+750t where t 22 sec 
=-16(2°)+750(2) 
=-64+1500 
= 1,436 ft 
93. h 2-166 +vtsin@ where v=1,500 ft/sec, t=2 sec, and h=750 ft 
750 =-16(2°)+1,500(2) sin 
750 = —64 + 3,000 sin 0 
814 = 3,000sin8 
sin@ = Eu 
3,000 
0-15. 


95. cos2A = cos? A- sin? A 97. sin (0 45*) = sin cos45" + cosOsin 45° 
- (1- sin A)-sin^ A s reso] 


2 


-]-2sin? A 2 nga cose 
2 2 
99, sin75° =sin(45° « 307) 
= sin 45° cos 30° + cos 45' sin 30° 
RARE e 
2 2.42 
.N6 N2. N62 
4 4 4 
sin? x 
istam w- cos?’ x 


101. 5 2 Ratio identity 
]«tan^x sin’ x 
COS x 
cos? x - sin? x 
=— Multiply numerator and denominator by cos” x 
cos’ xt sin^ x 
cos2x 


1 
=cos2x Simplify 


Double-angle identity and Pythagorean identity 
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6.2 More on Trigonometric Equations 


EVEN SOLUTIONS 
2. For equations containing trigonometric functions with different arguments, use an appropriate identity to write all of 
the functions in terms of the same angle. 
4. To solve a trigonometric equations that is quadratic in form, try factoring or else use the quadratic formula. 
: 1 ; ; 1 : 
6. Since csc @ = —— , the equation becomes: 8. Since sec @ = —— , the equation becomes: 
sing cos0 


D 


sinÜ | 
V2 - 2sin0 
sing - V2 
2 
0 2 45?,135? 


10. Since sec@ = En , the equation becomes: 
cos 


4cos0 -3* =0 
cos@ 

4cos?0-3-0 
4cos? 0 =3 
cos? 8 = 2 
4 

MERE 

2 


0 = 30°,150°,210°, 330° 


12. Since csc@ = LR and cot0 = SUBE , the equation becomes: 
sin sin 
BE S 42. cos z 
sind sinO 
142cos0 «20 
2cos0 --1 
cos = zh 
2 
0 =120°,240° 


14. Using the double-angle formula for sine: 
2sin0 * sin20 =0 


2sinO 4 2sin0cos0 =0 
2sin0(1--cos0) 20 
Thus either sinO =0 or cos0 - -1. Thus 020?,180? . 
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243. 


1 


+7=3 
cos 
243. — 
cos 
243 - —4cos0 
cos@ = E 
2 
0 =150°,210° 
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16. Since sec = ri the equation becomes: 18. Using the double-angle formula for cosine: 
cos 
2cos0 41-2 | cos2x -cosx-2 20 
cos 3 
2c0520+cos0 cd 2cos^ x-1-cosx-2 20 
2 E 
2cos? 0 cosü -1-0 PEOST a op 
(2c0s6 - 1)(cos8 & 1) 0 (2cosx - 3)(cosx £1) 20 
3 
1 cosx 2 —,-1 
cos - —,-1 2 
2 
0 = 60°,180°, 300° dt 
Note that cosx - has no solution. 
20. Using the double-angle formula for cosine: 22. Substituting sin? x 21- cos? x into the equation: 
sinx 2 -cos2x 2sin? x - cosx-1-0 
sinx - -(1-2sin? x) 2(1- cos? x)-cosx-1=0 
sinx --142sin? x 2 -2cos? x cosx-1-0 


2sin? x -sinx-1-0 2cos? x « cosx - 1-20 


(2sinx - 1)(sinx -1) 20 (2cosx - 1)(cosx £1) 20 
dune EE] 
2 2 
mm llr m 5x 
ies RE NUES X-2—,4,—— 
2 6 6 3 3 
24. Substituting cos? x=1-sin? x into the equation: 
4cos? x-4sinx-5=0 
4(1- sin? x)-4sinx-5=0 
4 - Asin? x 4sinx - 5-0 
-Asin? x - 4sinx-1-0 
Asin? x  4sinx 41-0 
(2sinx «1)^ =0 
. 1 
sinx 2-— 
2 
La da 
6 6 
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; sinx 
26. Since tanx = 


and secx = , the equation becomes: 
cosx cosx 
sinx 1 
2cosx+ = 


cosx  COSX 


2cos? x +sinx =1 
2(1- si? x}+sinx=1 
2 -2sin? x+sinx-1=0 
-2sin? x+sinx+1 =0 


2sin? x-sinx-1 =0 
(2sinx+1)(sinx-1)=0 


sinx = wt „l 
2 
Ta lla x 
dum RT TES 
6 6 2 
Note that x => is impossible, since tan is undefined. So the solutions are x = aa ; 
28.  Isolating sinx and then squaring: 
sinx -cosx = 2 
sinx = cosx+V2 
2 
sin? x = (cosx+ 42) 
sin? x = cos? x 242 cosx 42 
1- cos? x = cos? x4 242 cos x 4 2 
2cos? x 242 cosx 4120 
2 
(v2 cosx + 1) =0 
V2cosx=-1 
cosx TER 
V2 
_3n Sx 
4'4 
Since this equation was solved by squaring, each solution must be checked: 
sin PE —cos m = 42 - EP = v2 + v2 eal?) (checks) 
4 2 2 2. 2 
CUL ENSE - EN EL = _N2 v2 =0 (doesn't check) 
4 2 2 2 2 
3x ; ini ; 
Only x= eu checks in the original equation. 
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30. Isolating sin@ and then squaring: 


sin@ - /3cos0 = V3 
sind = V3 + V3 cos 
2 
sin? 0 = (V3 3cos6) 
sin? 0 = 3+6cos0 + 3cos? 0 
1-cos? 8 = 346cos@ + 3cos? 0 
4cos? 04 6cos0 42 =0 
2cos? 84 3cos0 «1 =0 
(2cos8 +1)(cos@+1)=0 
NUN, 
2 


0 =120°,240°,180° 
Since this equation was solved by squaring, each solution must be checked: 


sin120? - V3 cos120° = 2 -Vi(- ;- v3 | v3 V3 (checks) 


2 242 


sin 240? — /3 cos 240° = — a = A|- l | == x + SE =0 (doesn't check) 


2 
sin180° - V3 cos180° = 0 - /3(-1) 20/3 - V3 (checks) 
Thus 0 2120?,180? are the solutions. 
32. Isolating sin@ and then squaring: 
sind - /3cos0 =1 
sind =1+ 4/3cos6 


2 
sin? 0 = (1+3 cos8) 
sin? 0 = 14 24/3 cos 4 3cos? 0 
1- cos? 0- 14 243 cos0 + 3cos? 0 


4cos? 0 4 24/3 cos =0 
2.cos0(2cos6 +43) =0 


V3 


cos@ 2 0,- — 
2 


0 = 90°,270°,150°,210° 
Since this equation was solved by squaring, each solution must be checked: 
sin90° - V3 cos90° 21- 4/30 21 (checks) 
sin270° — /3cos270? = -1- 43-0 2-1 (doesn't check) 


sin150? — V3 cos150° = ivi) = sts =2 (doesn't check) 


sin210° —/3cos210? = -5-N3 zi = -12 =1 (checks) 


Thus 0 =90°,210° are the solutions. 
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34.  Isolating sing and then squaring: 
sin g *cos0 -1 
2 
sin 9 -1-cos0 
2 


sin? ° =(1- cos)" 


«0088. 1.3 ads Ee Got 6 


1-cos0 - 2-4cos0 42cos? 0 


2cos? 0-3cos0«1-20 
(2cos8 - 1)(cos8 - 1) =0 


tavern 
2 


0 = 60°,300°,0° 
Since this equation was solved by squaring, each solution must be checked: 


60° 1 1 


sin + cos 60? = sin 30° + cos 60° = 5 + » =1 (checks) 


o 


. 300 
sin 


+ cos 300? = sin 150° + cos 300? = 2*3 =] (checks) 


o 


sin e e050" =sin0°+cos0°=0+1=1 (checks) 
Thus 0 =0°,60°,300° are the solutions. 


36.  Isolating cos and then squaring: 
cos gs cos0 =0 
2 


cos? =cos0 
2 


cos? g - cos? 
2 


14 cos0 - 2cos? 0 
2cos? 8 - cos -1 =0 
(2cos8 +1)(cos@-1) =0 


digni 
2 


0 =120°,240°,0° 
Checking each solution in the original equation: 


o 


Ses -cos120° = cos60°-cos120°= 5-[-1] - 242 -1 (doesn't check) 


o 


240 
cos 


— cos 240? = cos120? — cos240? Bod E -- : + : =0 (checks) 
2 2 2-2 


o 


cos —cos0? = cos0°—cos0° 21-120 (checks) 
Thus 0 20?,240? are the solutions. 
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38. Since dete = CÊ 


1 ] 
- and csc@ = —— , the equation becomes: 
sinO sinO 


jp OO LEE gah 
sinô sing 


13cos0 «11 = 6sin?0 
13cos6 11 - 6(1- cos? 6) 


13cos0 +11 2 6- 6cos? 0 


6cos? 0413cos0 4 5 -0 
(3cos@+5)(2cos@ +1) 20 


dudes 
3 2 
0 =120°,240° 


Note that cos0 = E has no solutions. These solutions are verified graphically. 


40. Since cscÓ =—— and cot = 952 


sin sin 
23 22. cos@ : 1 


, the equation becomes: 


-15=0 


sin? @ sinô sin@ 
23-22cos0 - 15sin? 0 =0 
23-22 c058 - 15 (1— cos? o) =0 


23-22cos0 -15415cos?0 =0 


15cos? 0 -22cos0 4 8 =0 
(5 cos0 - 4)(3cos0 -2) =0 


0 = 36.9°48.2°, 360° — 48.2°,360° — 36.9? 
0 = 36.9°,48 .2°,311.8°,323.1° 


These solutions are verified graphically. 
42. Using the double-angle formula for cosine: 


16cos 20 -18sin? 6 =0 
16(1-2sin^ 0)- 18sin*o =0 
16-32sin? 0 -18sin? 0 =0 
16 - 50sin?8 =0 

50sin? 0 216 

sin? 6 md 

25 


24/2 
5 


sind =+ 


0 = 34.4°,180° — 34.4°,180° + 34.4°,360° - 34.4? 
0 = 34.4°,145.6°,214.4°,325.6° 


These solutions are verified graphically. 
44. Using the results of Problem 8, 0 =150° + 360°k or 0 =210°+360°K , where k is any integer. 


46. Using the results of Problem 28, x = Aaa , Where k is any integer. 
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48. Using the results of Problem 36, 0 = 360°k or 0 = 240° + 360°K , where k is any integer. 
50. Substituting r = 2 and R = 4, then set the expression equal to 0: 


24 csc? 0 - A^ cscÓ cot0 =0 

16 L256. E PINE 
sin? 0 sinO sin@ 

16-256cos0 20 

256cos0 =16 


cos = us 
16 
0 — 86 4? 
52.  Substituting cos? 0 - 1—sin? 0 into the equation: 
2 (1- sin? 6) « 2sin6 -1 -0 
2 -2sin? 6+2sin6-1=0 
-2sin? 9 «2sin0 «1-0 
2sin? 0 -2sin6-1=0 
Using the quadratic formula with a = 2, b = 2, and c = -1: 
-(-2)e4(-2) -4Qy-1) 2s44«8 22243 1«43 
2(2) 4 4 » 
-43 


2 


sing = 


e 


Either sin0 = = 1.37 , which is impossible, or sin0 = = -0.37 . 


1+3 
2 


Thus 0 =180°+21.5° 2201.5? or 0 =360°-21.5° = 338.5° . 
54. Substituting sin? 0 =1-cos?0 into the equation: 
1- cos? 0 = cos 


cos? 0+cos@-1=0 


zii ACH: edis Led _-le v5 


Using the quadratic formula with a = 1, b = 1, and c = —1: cos@= = 


XD) 2 2 
pus -145 
2 


~-1.62 , which is impossible, or cos0 = 2 


Either cos0 = 20.62. 


Thus 0251.8? or 0924 360? —51.8? = 308.2°. 
56.  Substituting cos? 0 - 1—sin? 0 into the equation: 
4sind = 3- 2(1- sin? 6) 


Asin@ - 3-242sin?0 


2sin? 0 - Asin «1-0 
Using the quadratic formula with a = 2, b = —4, and c = 1: 
-(4)eq(-4 -AQ)1) 4s416-8 422/2 222 
2(2) 4 4 2 


Z 


= 1.71 , which is impossible, or sin@ = Ss =0.29. 


sing = 


Either sin@ = 


2x2 
2 


Thus 0 «17.0? or 094180? 17.0? =163.0°. 
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58. Sketching the graph: 60. Sketching the graph: 
M 


^T y=2cosx+sinx+ | y=cos*x-3cosx+ 1 


4+ -2-- 


Y Y 
The solutions are x ~ 2.4981,4.7124 . The solutions are x = 1.1789,5.1043 . 


62. Write the equation as cscx — tanx — 3-0 . Sketching the graph: 
y 


Q4 y-cscx-3-tanx 


The solutions are x ~ 0.3063,2.0629,2.7435,4.9556 . 


64. Since 0° <A <90° , cosA» O0 and thus: cosA- N1-sin A= hi- - "I Ed 


| 4/5 
1+—_— | 
Since 0°<A<90°, 0* s «45* and thus cosas . Therefore: ose = (ace = 3- 35 
2 2 2 2 2 6 
45 
66. First find sin (since 0° Paf s45", sinf >0): si = = j= = 5 se 


A 


cos pz 
Therefore: cotó = += - pee. i _ 345 _34¥5 
m ES 49-5 2 
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68. Using the half-angle formula for cosine: y= 6cos? ; - seen) = 3(1 + cos x) =3+3cosx 


The amplitude is 3, the period is 27r , and the vertical translation is 3 units. Now graphing the curve: 
y 


A 
y=3+3 cosx 


7 
: [2-43 N2-43 


4 2 


70. Since cos75? » 0 , use the half-angle formula for cosine: cos75° = , [E TT = 


72. Since csc = zd. and cot@ = cor , the equation becomes: 
sind sin0 


E 5; cos 20 
sing sing 

1-2cos0 20 

2cos0 -1 

dose 

2 


The correct answer is d. 
74. Sketching the graph results in solutions (intersection) of x = 3.8930, 6.0217. The correct answer is d. 


ODD SOLUTIONS 
1. reciprocal, clear, multiplying 3. square,extraneous 
5. J3sec8 =2 J2.csc0 4 523 
2 
sec 9 = —— V2 csc =-2 
V3 
cos0 -V2 T NN 
2 2 


V2 


0 =30° and 0 isin QI or QIV sin = -~= 


0 - 45^ and 0 is in QII or QIV 
0 -225' or 315° 


0 2 30^ or 330° 


9. 4sin@ -2csc0 =0 


4sin0 - oa =0 Reciprocal identity 
sind 
4sin’0 -2 =0 Multiply both sides by sin8 
4sin^ 0 -2 Add 2 to both sides 
sin’ 0 = Divide both sides by 4 


sinf =+ Take square root of both sides 


15 


6 - 45^ and 0 is in QI, QII, QUI, or QIV 
0 =45°,135°, 225°, 315° 
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11. sec0 -2tan0 =0 


1 -2( 28-0 


cos@ cos 
1-2sin0 =0 
-2sinO --1 
T 
2 


6 =30° or 150° 


13. sin20 - cos0 =0 
2sin0cos0 - cos0 =0 


cos0(2sin8 -1)- 0 
cos0 -0 or 2sin0-120 


2sin0 =1 
dde 
2 
0 =90°,270° 0 2 30^ or 150° 
15. 2sin0 41-2 cscO 
2sin0 +1 zc 


sing 
2sin? 0 - sin0 =1 
2sin?0 -sin0 - 1-20 
(sin8 -1)(2sin@ +1) 20 
sin0-1-0 or 2sin04«1-20 
sin@ =1 2sin0 2-1 


0 2 90* sin oe 
2 


Reciprocal and ratio identities 


Multiply both sides by cos@ (cos@ #0) 
Solve equation and check 


Double-angle identity 
Factor out cos@ 

Set each factor = 0 
Solve each equation 


Reciprocal identity 


Multiply both sides by cos (cos@ #0) 
Add 1 to both sides 


Factor 


Set each factor = 0 
Solve each equation and check 


6 230^ and 0 is in QII or QIV 
0 =210° or 330° 


17. cos2x - 3sinx -2 =0 
1-2sin? x -3sinx -2-0 

2sin? x ^ 3sinx 41-20 
(2sinx+1)(sinx+1) 20 

2sinx-120 or sinx+1=0 


2sinx 2-1 sinx 2-1 
i 1 3m 
sinx =-— x=— 
2 2 
Ta lla 
x=— or— 
6 6 
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Double-angle identity 


Multiply both sides by -1 and simplify 
Factor 
Set each factor = 0 


Solve each equation 
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19. cosx-cos2x =0 


COS X — (2cos? x- 1) =0 Double-angle identity 
cosx - 2cos? x «1-0 Simplify 
2cos! x- cosx-1-0 Multiply both sides by -1 
(2cosx+1)(cosx-1)=0 Factor 
2cosx+1=0O or cosx-1=0 Set each factor = 0 
2cosx --1 cosx =1 Solve each equation 
cosx = oe 
2 
xz z x=0 
3 
2x 4n 
x=— or — 
3 
21. 2cos? x«sinx -1-0 
2 (1 -sin? x) +sinx-1=0 Pythagorean identity 
2 -2sin? x «sinx-1 =0 Simplify 
2sin? x - sinx-1 20 Multiply both sides by —1 and simplify 
(2sinx -1)(sinx - 1) 20 Factor 
2sinx-120 or sinx-1=0 Set each factor = 0 
2sinx 2-1 sinx =1 Solve each equation 
f 1 m 
sinx =-— x=— 
2 2 
Tx lix 
x=— or—— 
6 
23. 4sin? x«4cosx-5 -0 
4 (1 - cos? x) +4cosx-5 =0 Pythagorean identity 
4—4cos! x*4cosx-5 =0 Simplify 
-4cos! x c 4cosx-1 20 Simplify 
4cos! x -4cos0 «1-0 Multiply both sides by -1 
(2cosx - 1)(2cosx -1) 20 Factor 
2cosx-120 or 2cosx-1=0 Set each factor = 0 
2cosx =1 Solve the equation 
cosx = 1 
2 
m 5x 
x=— or— 
3 3 
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25. 2sinx4cotx-cscx =0 


COS X 1 
mi. —-0 
sinx sinx 


2sin? x+cosx-1=0 


2sinx4 


2(1—cos? x)+cosx-1=0 
2 -2cos? x e cosx-1 20 


2cos! x- cosx-120 
(2cosx-1)(cosx-1) 20 


2cosx+l1=0O or cosx-1=0 


2cosx=-l cosx =1 
poe x=0 
2 
20 4r 
x =— or — 
3 3 
27. sinx +cosx = 2 


sin? x - 2sinxcosx * cos? x 22 


Ratio and reciprocal identities 


Multiply both sides by sinx (sinx 0) 
Pythagorean identity 
Simplify 


Multiply both sides by —1 and simplify 
Factor 


Set each factor = 0 
Solve each equation and check 


This is not possible because sinx #0 


Square both sides 


2sinxcosx+1=2 Pythagorean identity 
sin2x =1 Double-angle identity 
2x=2 or 2x= 25 Solve equation and check 
2 2 
xem = 2T Possible solutions 
4 4 
Check each possible solution: 
mto m X42 42 
sin — + cos — = — + 
4 4 2 2 
242 
PE 
2 a. It checks 


2 2B 


2 2 


5x 

4 
V2 «0 
The answer is + only. 


29. V3 sin@+cos6 = V3 


cos@ = 43 - J3sin0 
cos@ = V3(1-sind) 


cos? @ = 3(1- 2sin + sin’ 6) 
1-sin?0 =3-6sin@ + 3sin? 0 


4sin^ 0 - 6sin0 42 =0 
2sin’ 0 -3sin0 41-0 
(2sin0 - 1)(sin8 -1) 2 0 
2sin0-120 or sin@-1=0 
2sin0 =1 sin =1 


nde 0 =90° 
2 


6 =30° or 150° 
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Does not check 


Subtract J3sin@ from both sides 
Factor out SEI 

Square both sides 

Pythagorean identity 

Simplify 

Divide both sides by 2 

Factor 


Set each factor = 0 
Solve each equation and check 


Possible solutions 
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Check each possible solution: 


V3sin 30° +cos30° = BE v3 
2] 2 
V3 = V3 It checks 


V3sin 90° + cos90° = V3 (1)+0 
JIENA It checks 
Answers: 30° or 90° 
31. J3sin0 - cos0 =1 
J3sin0 - cos «1 
3sin? 0 2 cos? 04 2cos0 +1 
3(1-cos” 8) 2 cos" 6«2cos8 +1 
3-3cos? 0 2 cos? 0-- 2cos0 41 
4cos? 0-2cos0 -2 20 
2(2cos0 -1)(cos0 +1) =0 
2cos0-1-20 or cos0-41-20 
2cos0 -1 cos =-1 


ipi 0 =180° 
2 


0 260' or 300° 


1 
2 


V3 «0 


V3sin 150° = cos150° = 4 KS 


Does not check 


Isolate J/3sin 
Square both sides 
Pythagorean identity 
Simplify 

Put in standard form 
Factor 


Set each factor = 0 
Solve each equation and check 


Possible solutions 


The solution is 60° or 180°. (300° does not check.) 


33. sin? ceuea 6 
2 
dut - cos 
2 
sin? d - cos? 0 
2 


1-cos8 aD 


1-cos@ - 2cos^ 0 
2cos? 04 cos0 -1-0 
(2cos8 - 1)(cos0 1) 2 0 
2cos0-120 or cos04120 
2cos0 =1 cos - -1 


sc 0 -180* 
2 


0 260' or 300° 


Add cos@ to both sides 


Square both sides 


Multiply both sides by 2 
Rewrite in standard form 
Factor 

Set each factor 2 0 

Solve each equation and check 


Possible solutions 


The solution is 60° or 300°. (180° does not check.) 
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35. cosŽ-cosð =1 


+ Ecos peo 
2 
+ eost -cos0-«1 


1+cos0 


- cos! 04 2cos0 «1 


14-cos0 - 2cos! 0 Acos0 +2 
0 22cos! 04 3cos0 41 
0 =(2cos@+1)(cos@ +1) 
2cos6+1=0 or cosé+1=0 
2cos0 2-1 cos0 - -1 


rr ee 0 =180° 
2 


0 =120° or 240° 


Half-angle identity 


Add cos@ to both sides 


Square both sides 


Multiply both sides by 2 

Put in standard form 

Factor 

Set each factor = 0 

Solve each equation and check 


Possible solutions 


The solution is 120° or 180°. (240° does not check.) 


37. 6cos0 - 7tanO =sec@ 
"sing 1 
cosÜ cos 

6cos! 0 4 7sin0 =1 
6(1-sin^ 8) 7sin8 =1 
6 - 6sin 0 7sin? 0-1 
-6sin? 0 +7sin0 +5 20 
6sin?^0 - 7sin0 -5 20 
(3sin8 - 5)(2sin0 +1) 20 


3sin0-5-20 or 2sin0+1=0 
3sin0 =5 2sin0 2 -1 


inb? smt 
3 2 


No solution 0 2 210! or 330° 
39. 18sec? 0 - 17 tan0sec0 -12 =0 


is[ Ls | leissi 
cos’ 0 cos0 /Acos0 


18 17sin@ 
cos!0 cos’ 
18 -17sin@ -12cos’ 0 =0 
18 -17sin8 - 12(1-sin'6) =0 
18-17sin0 - 12 « 12sin? 0 20 
12sin’ 0 -17sin0 +6 =0 
(4sin6 - 3) (3sin0 - 2) =0 


-12=0 


4sin0-3-20 or 3sin0 —2 =0 
4sinQ =3 3sin0 =2 
PR sing A 
4 3 


0 248.6. or 131.4 
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0241.8 or 138.2° 
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Ratio and reciprocal identities 


Multiply both sides by cos (cos@ #0) 
Pythagorean identity 

Simplify 

Subtract 1 from both sides 

Multiply both sides by -1 

Factor 


Set each factor = 0 
Solve each equation and check 


Both check 


Reciprocal and ratio identities 


Simplify 

Multiply both sides by sin’ 0 
Pythagorean identity 
Simplify 

Put in standard form 

Factor 


Set each factor = 0 
Solve each equations and check 


All check 
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41. 7sin? 0 -9cos20 =0 


7sin^ 6 -9(1-2sin^ 8) =0 Double-angle identity 
7sin^ 0 -9 -18sin^ 0 - 0 Simplify left side 
25sin^0 =9 Add 9 to both sides 
sin’ 0 = = Divide both sides by 25 
sin0 = - Take square root of both sides 


0 =36.9° and 0 - QI, QI, QII ,or QIV 
0 = 36.9" ,143.1° ,216.9° or 323.1 
43. In problem 7, we get 225° or 315°. All solutions would be 225°+360°k or 315°+360°k. 


45. In problem 27 we get x == . All solutions would be + 2k ] 


47. In problem 35, we get 120° or 180°. All solutions would be 120°+360°k or 180°+360°k . 
1 Rm 1 cosé 


49. r* csc? 0 - R^ cscOcotO - r* - 


sin? 0 sin@ sinO 
i r* R* cos 

 sinlO sin? 

7 r* — R* cos0 


sin’ 0 


This expression is zero only when the numerator is zero. Therefore, 
r^ —R* cos0 =0 


-R*cos@ = -r* 
r* 
cos@ = Ri 


4 
Therefore, when cos0 = E ,then r*csc? 0 - R* cscOcot0 =0 


51. 2sin^0 -2cos0 -1-0 
2 (1 - cos? 6) -2cos0-1-20 Pythagorean identity 
2 -2cos^ 0 -2cos8 - 1-0 Simplify 
—2cos* 0 -2cos0 41-0 Put in standard form 
2cos^ 0-- 2cos0 -1-0 Multiply both sides by -1 


We apply the quadratic formula with a = 2, b = 2, and c = -1: 


-2z42* -A(2)(-1) 


cos@ = 
2(2) 
B -2 +412 
4 
—2 + 3.464 —2 —- 3.464 
ae ec x or cos @ = ————— 
= 0.366 =-1.366 


6 =68.5° and 0 ininQI,QIV No solution 
0 -68.5 or 291.5 
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53. cos? 6+sin@ =0 


1-sin^0-sinü =0 Pythagorean identity 
-sin^ 0-- sinü «1-0 Put in standard form 
sin’ 0 - sind -1 =0 Multiply both sides by -1 


We apply the quadratic formula with a=1,b=-1,andc= -1: 


-(-9«4C1 -40)C1) 


sin0 = 
2(1) 
dz V5 
2 
sin = 14 2.236 as sing = 1-2.236 
=1.618 =-0.618 
No solution 0 =38.2° and 0 in in QIT, QIV 
0 =218.2° or 321.8 
55. 2sin^ 9 2 3-4cos0 
2 (1 - cos? 8) -3-4cos0 Pythagorean identity 
2-2cos^8 2 3-4cos0 Simplify 
-2cos! 0 4cos0 -1-0 Put in standard form 
2cos’ 8-4cos0 41-0 Multiply both sides by -1 


We apply the quadratic formula with a = 2, b 2-4 ,andc= 1: 


-(-4)= C4) -4()() 


cos@ = 


2(2) 
4x V8 
4 
4 4 2.828 4 — 2.828 
cosü = ————— or cos = ————— 
4 4 
=1.707 = 0.293 
No solution 6 =73.0° and @ is in QI and QTV 
6 =73.0°or 287.0° 
57. Graph y, =cos(x)+3sin(x)-2 on your graphing calculator. Set the window for x between 0 and 


6.28 and y between -1 and 1. Use the zero or root finder to locate the zeros. The solution is 
0.3630 or 2.1351. 


59. Graph y, = (sin(x)) -3sin(x)-1 on your graphing calculator. The window settings are the same 


as problem 57. Use the zero or root finder to locate the zeros. The solution is 3.4492 or 5.9756. 


61. Graph y, = on your graphing calculator. The window settings are the same 


+2- 
cos(x) tan(x) 
as problem 57. Use the zero or root finder to locate the zeros. The solution is 0.3166 or 1.9917. 


63. cos A =Ņ1-sin° A with A in QI sine = —M 
EXC E PEA Ns 
3 9 2 6 
5 _N5 
9 3 
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sin a 
65. us = — 
2 cose 
We know that cosA = d and sing = =: from problem 59. 
3-45 
wees = | IE COSA Therefore, ais A S 6_ 
2 2 2 [3445 
6 
BEST BEES 2 3-45 | 3-45 (Rationalize the 
2 6 3445 2 denominator) 
67. y=4sin?= 69. sin22.5° - sin+(45°) 
2 2 
2 
1-cosx 1-cos45* 
y=4| |= -= - 
2 2 
[coe MG E EL 
1 2 4 2 
y=2-2cosx 
This graph is a cosine curve with amplitude of 2 
that has been reflected about the x-axis and shifted 
up 2. 
6.3 Trigonometric Equations Involving Multiple Angles 
EVEN SOLUTIONS 
2. For a trigonometric equation involving cosn@ in degrees, add 2 k to find the values of 0 to find all coterminal 
n 
solutions. If solving in radians, add 2m, to find the values of 0 to find all coterminal solutions. 
n 
4. False. It is not necessary to use the double-angle formula to rewrite the left side. 
6. For cos20 = Bn , all values will take the form: 
20 2150? 4 360? Kk 20 2210? + 360*k 
0 2 75? +180°k 0 2105? -180?K 
Substituting k = 0 and k = 1 results in the solutions 0 = 75?,105?,255?,285? . These solutions are verified graphically. 
8. For cot20 = 4/3 , all values will take the form: 
20 = 30° + 180°k 
0 =15°+90°K 
Substituting k = 0, 1, 2, and 3 results in the solutions 0 = 15°,105°,195°,285° . These solutions are verified 
graphically. 
Chapter 6 Page 320 Problem Set 6.3 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


10. For sin50 =-1 , all values will take the form: 
50 =270° + 360°k 
0 =54°4+72°k 
Substituting k = 0, 1, 2, 3 and 4 results in the solutions 0 = 54°,126°,198°,270°, 342° . 
These solutions are verified graphically. 


12. For sin2x= - , all values will take the form: 


2x= 1242kn 2x=1 paka 
6 6 
x= TE +kr x= na tkm 
12 12 
Substituting k = 0 and k = 1 results in the solutions x = JE Hr Da 29m . These solutions are verified graphically. 


12^ 12° 12 12 
14. For csc3x - 2 , all values will take the form: 


3x- T 4 ke art up. 
6 6 
m 2kxz 5a 2kz 
X2—-—— X2——.-—— 
18 3 18 3 


Substituting k = 0, 1, and 2 results in the solutions x= i pur r EHE 20 ae : 


These solutions are verified graphically. 
16. For tan2x=0, all values will take the form: 
2x=0+kr 


Substituting k = 0, 1, 2, and 3 results in the solutions x = d . These solutions are verified graphically. 


18. For cos20- a2 , all values will take the form: 


20 2135? +360°k 20 = 225? + 360°K 


6 = 67.5°+180°K 6 =112.5°+180°K 
20. For sin30 =-1, all values will take the form: 
30 = 270° + 360? k 


0 290? +120°k 


22. For cos8@= ; , all values will take the form: 


80 = 60° + 360°K 80 = 300° + 360°K 
0 =7.5°+45°k 0 =37.5°+45°k 
24. Graphing each side of the equation: 26. Graphing each side of the equation: 


A y= cos 2x 


Y y= sin 3x 
ý à 
The solutions are x = 60?,120?,240?,300? . The solutions are x = 20?,40?,140?,160?,260?,280? . 
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28. Graphing each side of the equation: 
y 
n 

2-L 

i= 


90° 


| 
| 
L 
l 
| 
1 
| 
| 
| 
| 


2+ 


Y 
The solutions are x = 22.5°,112.5°,202.5°,292.5° . 
30. Solving the equation: 
sin(3x 45) - 04 
3x+5 c sin ! (04) «2t; - sin (0.4)) + 2k 
3x45204142kz,2734 2kz 
3x = -4.59 c 2kn,-227] + 2kn 


2-153420 0.764 


32. Solving the equation: 
cos(x - 3) = -0.41 
ax - 37 (a - cos (0.41)) e 21e (a + 00s"! (0.41)) « 2r 
Zx-321.99-2kz,429 - 2kz 
nx = 4.99 +2kr,1.29+2kr 


x=1.59+2k,2.32+2k 
34. Solving the equation: 
tan(0.2x - x) - -9 


02x- a - (a - tan (9)) ekz 
02x zt «1.68 kr 


0.2x e 4.82 kz 
x =24.124+5ka 
x=8414+5ka 


The final answer was arrived at by subtracting 24.12 -5m =8 41. 
36. Since sin2xcosx+cos2xsinx = sin(2x + x) = sin 3x , solving sin3x =1 results in all values of the form: 


3x = 42kn 
2 
m 2kx 
X-2—4—— 
6 3 
Pe : . mx 5x 3x 
Substituting k = 0, 1, and 2 results in the solutions x = eios : 


38. Since cos2xcosx -sin2xsinx = cos(2x + x) = cos 3x , solving cos 3x = a results in all values of the form: 


3x=2+2kr 3x- VOIE 
4 4 
m 2kn Ta 2kn 
x =—+— YS gS 
12 à 2 3 


Substituting k = 0, 1, and 2 results in the solutions x » —,——,——,——,——, . 
1212 4 4 12 12 
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40. Since sin2xcos3x+cos2xsin 3x = sin(2x + 3x) =sin5x , solving sin5x =-1 results in all values of the form: 


xe 10g 
2 
3m 2kr 
X-2——4-—— 
10 5 
42. Since cos? 4x 2-1, cos4x - xl. All values will take the form: 
Ax =04+2kan 4x=m+2kn 
ka m kr 
x=— x= —+— 
2 4 2 


, : kn : i 
Note that these solutions can be combined as x = u where k is any integer. 


44. Since sin^ 5x --1 , sin5x 2-1. All values will take the form: 


DN M T 
2 
3z 2km 
X-2——-—— 
10 5 


46. First factor the equation: 
2sin? 30 + 3sin30 41-0 
(2sin 30 « 1) (sin 30 +1) =0 


sin 30 - ART 
2 


For sin30 = - , all values will take the form: 


30 2 210? - 360? Kk 30 = 330° + 360? Kk 


0 = 70? - 120?K 0 2110? -120?K 
For sin 30 - -1 , all values will take the form: 
30 = 270° + 360? k 
0 290? +120°k 
48. First factor the equation: 
2cos? 28 - cos20 -120 
(2cos20 «1)(cos20 -1) 20 


istae 
2 


For cos20 = - , all values will take the form: 


20 2120? + 360^ k 20 = 240? + 360?K 
0 =60°+180°K 0 =120°+180°K 
For cos20 - 1 , all values will take the form: 
20 =0°+ 360^k 
0 =180°k 
Note that these solutions can be combined as 0 = 60°K , where k is any integer. 
50. Since cot? 30-1, cot30 - x1.For cot30 - 1 , all values will take the form: 
30 = 45? +180°K 
0 =15°+60°K 
For cot 30 - -1 , all values will take the form: 
30 =135°+180°K 
0 2 45? + 60°K 
Note that these solutions can be combined as 0 =15°+30°k , where k is any integer. 
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52. Solving the equation: 
7+12sin(5t+3)=2 
12sin(5t +3) - -5 
5 
EU 


5t+3= ssi S + 2ka,| 20 -sin | EN 
12 12 


St+3=3.574+2km,5.85+2kn 
St = 0.57 -2kn,2.85 - 2kzx 
2kz 2kz 


peddpt- 057+ 
5 5 


sin(5t +3) 


54. Solving the equation: 
3tan(0.5r -3)-1.5 20 


3tan(0.5: - x) 21.5 
tan(0.5t- x) - 0.5 
0.5r - x = tan ! (0.5) + k 
0.5t- m e 046 kx 


0.5t = 3.61+ kr 
t=721+2kr 
t=0.934+2kn 


The final answer was arrived at by subtracting 7.21-27 =0.93. 
56. Squaring each side of the equation: 
sin0 —cos6 = 1 


(sind - cos)" 2| 


sin? 0 - 2sin0 cos + cos? 0 =1 


1-sin20 =1 
sin 26 =0 
All solutions will take the form: 
20 =0° + 360°k 20 =180° + 360°k 
0 =180°k 0 = 90? - 180?K 


Substituting k = 0 and k = 1 results in the possible solutions 0 = 0?,90?,180?,270? . Since this equation was solved by 


squaring, these possible solutions must be checked: 
sin0° - cos0? = 0 —1 = -1 (doesn't check) 


sin 90° — cos90? 21-0 «1 (checks) 

sin180? - cos180? 20 - (-1) = 1 (checks) 

sin 270° - cos270? = -1 -0 = -1 (doesn't check) 
Only 6 =90°,180° are solutions. 


58.  Squaring each side of the equation: 
cos0 -sin - -1 


(cos8 - sing)? =1 

cos? 0 —2sin@cos6 + sin? 0 =1 
1-sin20-1 

sin20 =0 
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The possible solutions 6 = 0°,90°,180°,270° . Checking these solutions: 
cos0° - sin0? 21-0 «1 (doesn't check) 
cos 90? - sin90? = 0 - 1 = -1 (checks) 
cos180? -sin180? = -1-0 = -1 (checks) 
cos 270? - sin270° = 0 - (-1) =1 (doesn't check) 
Only 0 290?,180? are solutions. 
60. Using a=1,b=-6, and c = 4 in the quadratic formula: 


(-6)+,|(-6)° -4(1)(4) _ 6x436-16 262245 S 


cos 30 = E = 
2(1) 2 2 
So either cos30 2 34 4/5 = 5.24 , which is impossible, or cos30 2 3- V5 = 0.764 . All solutions will take the form: 
30 = 40.2? + 360°K 30 = 319.8? + 360°K 
0 =13.4°+120°k 0 2106.6? +120°k 


Substituting k = 0, 1, and 2 results in the solutions 0 2 13.4?,106.6?,133.4?,226.6?,253 4?,346.6? . 
62. Usingaz2,b--6,andcz3 in the quadratic formula: 


-(~6) + (-6)" -4(2)(3) 62436-24 62243 3243 


sin20 = 


2(2) 4 4 2 
So either sin20 = eee = 2.37 , which is impossible, or sin20 = Eu z 0.63. All solutions will take the form: 
20 = 39.3? + 360?k 20 2140.7? +360°k 
0 219.7? +180°k 0 210.3? +180°k 


Substituting k = 0 and k = 1 results in the solutions 0 =19.7°,70.3°,199.7°,250.3° . 
64. Using sin? 48 -1- cos? 40 : 
2(1-cos” 40)-2cos40 =1 
2 -2cos? 40 -2cos40 =1 
-2cos? 48 -2cos40 «1-0 


2cos? 40+2c0s40-1=0 
Using a = 2, b = 2, and c 2-1 in the quadratic formula: 


-2+ (2) -4(2)(-1) " -2+44+8 E RE ^ EE 


cos40 = 
2(2) 4 4 2 
So either cos40 = e AE = -—1.37 , which is impossible, or cos40 = ae = 0.37 . All solutions will take the form: 
40 = 68.5? + 360? k 40 = 291.5? + 360?k 
6 =17.1°+90°K 0 2 72.9? +90°k 


Substituting k = 0, 1, 2, and 3 results in the solutions 0 =17.1°,72.9°,107.1°,162.9°,197.1°,252.9°,287.1°,342.9° . 
66. Substituting A = 100 ft: 


100 = 110,5 -98.5cos 71 


-10.5 =-98 5 cos -Čt 
15 
cos S t = 0.1066 
15 


27 + = cos"! (0.1066) 
15 
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68. 


70. 


72. 


74. 


76. 


78. 


Using radian mode (since t is a real number) yields: 


27, 146 POs ac} AGAR 
15 15 


t=3.5 t 2511.5 


The time is either 3.5 min or 11.5 min. This solution is verified graphically. 
Substituting c= 48r: 


TE 3r 
2 


E = 60°,120° 
2 


0 =120°,240° 
Substituting d = 100 ft: 
100 andar =100 


nad 


Using radian mode (since f is a real number) yields: 


The other will see the light after ; sec if the person opposite the lighthouse first sees the light. Since the light makes a 


complete revolution every 2 seconds, the other will see the light after 2 - = : sec if the second person sees the light 


first. 
Setting the function equal to 0: 


0.02 sin(880zt) =0 

sin(880zr) =0 

880zt 2-0 kx 
t= ae seconds 
880 
The magnitude is greatest when the function is equal to 20: 
20 cos( 3) = 20 
cos(3stt) =1 
Bat =0+kr 


t= £ seconds 
3 


sin? x 1-cos?x (1 cosx)(1- cosx) _ l+cosx 


Working from the left side: z= z= E 
(1-cosx)' (1-cosx) (1-7 cosx) 1-cosx 
1 1+sint+1-sint 2 2 


1-sint d l+sint (1-sint)(1+sint) 7 1-sin?t 2 cos? t 


- 2sec? t 


Working from the left side: 
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80. 
Using the double-angle formula for cosine: cos2B = cos? B -sin? B = 4Y - 3r a eee 
5) 25 25 25 
82. Since 90° < A <180°,cosA <0 and thus: cos A =-¥V -sin? A = 4H -|-| = -,|1 -—- E - ino 
From Problem 80 cos B = = , so using the addition formula for sine: 
sin(A + B) = sin Acos B + cos Asin B = Lus + _2N2 m 4-642 
3A5 3 A5 15 
84. Since sin4xcosx+cos4xsinx = sin(4x * x) =sin 5x , solving sin5x =-1 results in all values of the form: 
5x= Sm + 2k 
2 
3a 2x 
x =—+— 
10 5 
The correct answer is b. 
86. Substituting h = 150 ft: 
150 = 101-95 cos at 
49 =-95 cos mt 
49 
cos at = -— 
95 
A 49 
at =cos |-— 
95 
Using radian mode (since f is a real number) yields: 
mt ~ 2.113 zt = 20 -2.113=4.170 
t=0.7 t=1.3 
The time is either 0.7 min or 1.3 min. The correct answer is c. 
ODD SOLUTIONS 
1. n0,n 3. sum 
5. sin20 d 7.  tan20--1 
20 =60°+360°k or 20-120 -360'k 20 2135' 4 360 k or 20 =315°+360°k 
0 230^ +180°k 0 =60°+180°k 0267.5 4180 k 0 2157.5 4180 Kk 
If we let k 2 0 and 1, we get If we let k 2 0 and 1, we get 
0230* 0-260 02675 02157.5 
0 2210* 0 2240* 02247.5! 0233T7.5 
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13. 


17. 


21. 


cos 30 - -1 
30 =180° +360°k 


6 = 60° +120°k 
If we let k 2 0, 1, and 2, we get 


0-60 
0 =180° 


0 = 300° 


sec 3x =-1 


cos3x=-1 (Reciprocal identity) 


3x=m+2kn 


m-2kc 
x= 
3 

If we let k 2 0, 1, and 2, we get 
aia g-7,45 _ Ot 

3 3 3 3 
pee” ax 

3 
sin 26 = — 


20 = 30°+360°k or 20=150°+360°k 
0275 +180°k 


0 =15°+180°k 


B 


sinl0@ = — 
2 


108 =60°+360°k or 100 2120' +360°k 
6=12°+36°k 


026 «36k 


11. cos2x= 


2x- 


x=—+ka or RC Vg 
8 8 


If we let k 2 0 and 1, we get 


x=— x =— 
8 8 

9m 15a 
8 


15. tan2x= 43 


x 


2x zoe 
3 


m-3kmz 
D ucc 
6 


If we let k 20, 1, 2 and 3, we get 


m Ta 
x=— x=— 
6 6 
| Ax 2x _ lO0x 5x 
6 3 6 
19.  cos30-20 


30 290'4360'k or 30 =270°+360°k 
0 =90° +120°k 
(We could also write this as 0 = 30° +60°k .) 


0 = 30° +120°k 


For problems 23 through 27, see textbook answer section for graphs. 


29. cos(2x - 1) 2 0.8 
2x-1=0.644+2ka or 2x-125.64 * 2kz 
2x 21.64 -2kz 2x 26.64 -2kz 
x 20.824 kz x=3.32+kn 
31. sin(zx- 2) =-0.88 
ZX-2242242kmz or mx422520-42kz 
Zx-2222-2kz zmx2320-42kz 
x =0.71+2k x=1.02+2k 
33. tan(3x & x) =4 
3x+7=1.33+kn 
3x = -1.82 +k 
x=-0.61+ E 
3 
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35. 2sin2x cos x  cos2x sinx - If we let k 2 0, 1, and 2, we get 
sin(2x +x) = (Sum formula) ro zem 
2 18 18 
D LN Comte Py LENG) UE tir Dm 
6 6 18 18 
X 2kz giao 2kz _ 250 _ 297 
18 3 18 3 18 18 
z-12kz 5z 412kz 
X2——— x = 
18 3 
" J3 
37. COS 2x cos x —- sin 2x sin x = Kis If we let k 2 0, 1, and 2, we get 
TE MEE (Sum formula) dim Lm 
2 18 18 
V3 17x 197 
cos 3x 2 -— =— =— 
2 18 18 
3x=22 42km or 3x=— 2 42ka xt gout 
18 18 
5a 2kx Ta 2kx 
x2l—.—— X2——4—— 
18 3 18 3 
5z 12k Tz 12k 
x = = x = —— 
18 18 
39. sin 3x cos 2x + cos 3x sin2x =1 
sin(3x+2x)=1 
5x-2—-2kz 
m 2kmx 
= — + —— 
10 5 
41. sin’ 4x =1 43. cos*5x=-l 
sin4x =+1 cosx --1 
4x = + 2k or Axe 42km 5x 2m42kn 
m kx 3m kra m 2kx 
x =—+— x =—+— =—+—— 
8 2 8 2 5 5 
We could also write this as Axe Teka or ret 
45. 2sin? 30 +sin 30 -1=0 
(sin 30 - 1)(sin30 +1) 2 0 
2sin30-1-20 or sin30 41-20 
2sin30 =1 sin 30 --1 
sin 30 = 30 = 270° +360°k 
30 = 30°+360°k or 30=150°+360°k 8 = 90° +120°k 
0-10 «120 k 0-250' «120 Kk 
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47. 2cos? 20+ 3cos20 41-0 
(2c0s20 *1)(cos20 1) 20 


2cos20 41 20 Or cos20 -120 
2cos20 2-1 20 =180° + 360 Kk 
cos28 --— 0 =90°+180°k 
2021204360 k or 20=240°+360°k 
0 =60°+180°k 0 2120 «1807 k 
49. tan? 30 - 3 
tan30 = «4/3 
30 = 60° +180°k or 30 = 120° +180°k 
0 = 20° +60°k 0 =40°+60°k 
51. 15-9cos(6t-5)=11 


cos (61-5) == 
6¢t-5=1.1142ka or 6t-5=5.174+2ka 


6t =6.11+2kan 6t 210.17 - 2kz 
palin 121204 %7 
3 3 
53. 2tan(4z *1)-3- -11 


tan(4 at +1) =-4 
4zt-121.824kz 


4zt =0.82+ kr 
t =0.06+0.25k 
55. cos -sin =1 
cos’ 0 —2sin@cosO+sin’ 0 =1 Square both sides 
-2sin0cos0 «1-1 Pythagorean identity 
sin20 20 Double-angle identity 
20 20' +360°k or 20 =180° + 360°k 
0 =180°k 0 =90°+180°k 


If we let k = 0 and 1, we get 
0-20 0 =90° 
0-180 2802270 
Since we squared both sides, we must check. Only 0° and 270° check. 


57. sind +cos@ - -1 
sin^« 2sinOcos0 4 cos! 0 -1 Square both sides 
1+2sin@cosé -1 Pythagorean identity 
sin20 20 Double-angle identity 
20 =0° +360°k or 20 =180° + 360°k 
0 =180°k 0 = 90° +180°k 
If we let k = 0 and 1, we get 
020 0290 
0 =180° 02270* 


Since we squared both sides, we must check. Only 180° and 270° check. 
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59. sin’ 20 - 4sin20 -1-0 
We use the quadratic formula with a 2 1, b 2-4,c- -1, 


nrg AVA 406) 


2(1) 
" 4x20 
2 
sin29 = 5* 20 or sin29 - - 20 
2 2 
= 4.236 =-0.236 
No solution 20 =193.7'+360°k or 20=346.3' +360°k 
0 = 96.8° +180°k 0 =173.2° +180°k 
If we let k = 0 and 1, we get: 
0 296.8 6 =173.2° 
0 =276.8° 0-235327 
61. 4cos? 30 - 8cos30 «120 a=4,b=-8,c=1 
-(-8)+,/(-8) -4(4)(1 
sap C9) 40 
2(4) 
E 8248 
8 
cos30 = 8 I 
cos 30 = 1.8660 or cos 30 = 0.1340 
No solution 30 =82.3°+360°k 30=277.7' +360°k 
0 =27.4° «1207 Kk 0 292.6 +120°k 
If we let k 2 0, 1 and 2, we get 
0-274 0292.6 
02-1474 80-2212.6 
00-2674  0-2332.6 
63. 2cos? 40 -2sin40 =1 
2(1-sin* 46) «2sin46-1-0 Pythagorean identity 


2 -2sin? 40 «2sin40-1-20 
-2sin? 40 - 2sin40 +1 =0 


2sin? 40 -2sin40 -1-0 


We apply the quadratic formula with a 2 2, b = -2 ,and c = -1: 
-(-2)=|(-2} -4(2)(-1) Sy 
sin40 = (-2)«4(22) (2)( ) _2+V12 


2(2) 4 
singg - 2*2. or singo - 2 V2 
4 4 
-1.366 = -0.366 
No solution 40 = 201.5°+360°k or 40 2338.5 4360 k 
0 =50.4°+90°k 0 =84.6° 4 90^ k 


If we let k 0, 1, 2, and 3, we get 
0 = 50.4,140.4,230.4,320.4 or 02 84.6,174.6',264.6',354.6 
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65. We want to find t when h=100. 
100 =139 -125cos I: 
10 


125cos t = 39 
10 
608 420312 
10 
JU JU 
—1t2125342zk or —t =(2m -1.253)+ 20k 
10 10 


t=4.0+20k 1 = 5030+ 27k 


t =16.0+20k (where k = 0 and 1for one cycle) 
It will be at 100 ft after 4.0 min and 16.0 min. 


67. l=2r in Se where l=r mesy 
n 


. 180° . 180° 
r =2r sin — 
n 


30° or o =150° 
n 


n 
180° = 30°n 180° =150°n 
n=6 


n=12 
The polygon has 6 sides. 


Not possible 
69. 


d=10tanat where d= 10 
10 =10 tan zt 
tanzt =1 


nt = kn 
A 


gee 
4 


tis n second and every second after that. 
71. 163sin (1201) = 163 


The amplitude is 163. Therefore the maximum occurs at y=163. 
sin(120zt) =1 


120zt =F +2ka 


k 
= —— + — seconds 
240 60 


73. -3.5cos(2at) =0 
cos(2at) =0 
2nt = tka 
2 
t 20.254 0.5k seconds 
75. sinx —  sinx _l-cosx 
l+cosx l+cosx 1-cosx 


Multiply by a 
fraction equal to 1 
E sinx(1- cosx) Multiply 
1- cos? x 

iní- 

= maei Pythagorean identity 
sin“ x 

= 1 aa Reduce 

sinx 
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77. 1 k 1 = 1 .1-cost 1 _l+cost 


l+cost 1-cost 1+cost l-cost l-cost 1+cost 


l-cost  1+cost 
1-cos't 1-cos't 
1-—cost+1l+cost 
1-cos’t 
2 


sin’ t 


-2csc!t 


79. If sinA -2 and A is in QII, then 


cos A = -N1-sin? A 


81. If 90° < A <180° , then 45 <5 <90 


242 


Also, sinA = > and cosA = 2H (from problem 65) 


l+cosA 


Therefore, cos = 
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Multiply fractions 
Add fractions 


Pythagorean identity 


Reciprocal identity 
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EVEN SOLUTIONS 
2. 
4. 
a single equation in the variables x and y only. 
6. 
parabola passing through the point (0,0). 
8. Sketching the graph: 
A 
3+ 
t=0 
— | 
-3 3 
3b 
Y 
12.  Sketching the graph: 
y 
A 
6-1- 
4-L 
2-1 
1-0 
2 
-2 
41 
M NR 
Y 
16. Since sint 2 —x and cost = y: 
sin? t ^ cos? t «1 
(-xy «y? =1 
x4 y? =1 
Chapter 6 


6.4 Parametric Equations and Further Graphing 


When we sketch the graph for a pair of parametric equations, the resulting curve is called a plane curve. 
Eliminating the parameter means algebraically eliminating the variable ¢ from a pair of parametric equations to obtain 


Given values |Vo| and 6 , the plane curve for the parametric equations x = (Vol cosQ)t , y= (|Vo| sing)t -16i? isa 


10. Sketching the graph: 


14. Sketching the graph: 


-1+ 


Y 


; x X 
18. Since POP and sint = 


sin? t cos?t =1 


2 2 
2 ae nd 
4 4 

x^ «y? 24 
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The graph is a circle with center = (0,0) and radius = 1: The graph is a circle with center = (0,0) and radius = 2: 
y y 


a+ 
r+y=l 
=< - »- Xx < x 
-2 2 -3 
A 
Y 
; , x y ; ; 
20. Since mu and Quse 22. Since sint 2 x -3 and cost 2 y-2: 


sin? t 4 cos?t -1 


2 2 sin? t - cos?t -1 
sf 


3/ M (x-3y «(y-2y -1 
2 2 
* + y- = 1 
9 16 
The graph is an ellipse: The graph is a circle with center = (3,2) and radius = 1: 
i i 
/9+y/16=1 
4 
(x-3y -(y-2y 21 
-—| |x 2 
-4 4 
4 | r 
Y 2 4 
24. Since cost 2 x «3 and sint 2 y -2: 

sin? t « cos? t -1 
(y-2)? «(x«3) -1 
(x3) «(y-2) -1 

The graph is a circle with center = (—3,2) and radius = 1: 
x 
4 
(x-3)y-(y-2y 21 
X 
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26. Since x-2 = 3sint,sint = = . Since y-1=3cost,cost = = . Therefore: 


sin? t cos? t =] 


6) £7 - 


(1-2)? «(r1 -9 
The graph is a circle with center = (2,1) and radius = 3: 
y 
^ (x-2y4(y-1y?29 
4+ 


28. Since x+5 = 4sint, sine ===? . Since y+3=4cost, cost AL . Therefore: 


sin? t cos? t 21 

2 2 
ges 2 -1 
4 4 


16 16 
2 2 
(x45) +(y+3)° =16 
The graph is a circle with center = (—5 —3) and radius = 4: 


(x +5)? (y + 3) = 16 2 
-j 7 Q > x 
-10 
-2 
-6 
-8 
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30. Since tant =x and sect=y: 32. Since cott e and E 
14 cot? t 2 csc? t 
x 2 2 
14 tan? t 2 sec? t «(i -|2 
Eres 4 4 
E =y ; ey 
2 eor 16 16 
Uc qum. 
16 16 
The graph would be a hyperbola. The graph would be a hyperbola. 


34. Since x-3- Sesct, eset = == Since y-2- Scott cott 2 2— , Therefore: 


14cot? t 2 csc?t 


42] 49] 


0-2} _ -37 


1 
25 25 
2 2 
Ea ea 
25 25 
The graph would be a hyperbola. 


36. Since x - cos2t - 2cos? t -1: 


cos 2t -2cos?t-1 


x=2y -1 
The graph would be a portion of a parabola. 
38. Since cost = -cost , the equation is y 2 —x . This graph would be a line segment. 


40. Since Ž =sint and J sint: 
2 3 


The graph would be a line segment. 
42. Lett represent the central angle in radians. Since the radius of the wheel is 67.5 feet, we have: 


x =67.5cost 
y =67.5sint 


; i m i : 
To shift the wheel so that the rider starts at the bottom, subtract » from t to obtain the equations: 
T 
x= 67 500s -£ 


m 
= 67.5sin| t -— 
| 4 


We now need to find a connection between f and the parameter T. Since it takes 30 min to make 1 revolution, then: 


foin 
T 30 
pp 
15 
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Therefore the parametric equations are: 
x = 67.5 cos( Zr wh 
15 2 


y=675 sin( 7 m 
15 2 


Graphing these equations: 


+ 


-100 -80 -60 -40 -20 20 


xx 
100 


44. Lett represent the central angle in radians. Since the radius of the wheel is 82.5 feet, we have: 
x = 82.5cost 
y =82.5sint 


To shift the wheel 100 feet to the right and 91.5 feet up (82.5 + 9 = 91.5), the parametric equations are: 


x =100+82.5cost 
y=91.5+825sint 


; : m : : 
To shift the wheel so that the rider starts at the bottom, subtract D from t to obtain the equations: 


x 2100-82.5 cos -£ 


y=91.5482.Ssin{ 1) 


We now need to find a connection between ft and the parameter T. Since it takes 1.5 min = 90 sec to make 


1 revolution, then: 


LP 
T 90 
T 
t=— 
45 
Therefore the parametric equations are: 
x -100482.5cos| T -Z 
45 2 


y-91.54825sin| T - 
45 2 
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Graphing these equations: 


* ttr oe ee 


Y 40 80 120 160 200 
50 mi | 5280 ft 1hr 


46. First convert the initial speed 50 mi/hr to ft/sec: ] = 13.3 ft/sec 
1 hr lmi 3600 sec 
The parametric equations for the path are then: 
x 2(733cos8)t 
y =(73.3sin0)t - 1617 
Now substituting 0 = 20°,30°,40°,50°,60°,70°,80° results in the graphs: 
y 
N 
-— 


0 20 40 60 80 100 120 140 160 180 


48. Leta-sin !x, so sina=x. Drawing the triangle: 


Therefore: cos (sin"' x} =cosa=Vl- x? 


50. Let a= tan! x, so tana =x . Drawing the triangle: 


2 2 
ED 


1 7 x = 
ae NEC 1ex^ 


Therefore: cos(2 tan! x) =cos2a@ = cos? a-sin” a= 
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52. Using the product-to-sum formula: 8sin3xcos2x = 5 (sin(3x +2x)+sin(3x- 2x)) = 4 (sin5x & sinx) 


54. Leta-cos| T SO cosa - . Drawing the triangle: 


Therefore: sino z) = sina = — 


56. Let @æ=tan"! T so tana -2 .Let B= sin! 7 so sin f -1 . Drawing the triangles: 


vio 4 
1 1 
3 Vi5 


Therefore: 
sn{ tan v sin”! 1) = sin(a+ f) 


-sina cos f +cosasin f 


“al ris 


4/10 v10 
J150 +3V10 


40 
546 « 3410 
40 


58. Whent=0,x=6 and y =-1. When tors = 2 and y = 2. The correct answer is a. 


60. Since sint => and cost=y-2: 


sin? t « cos?t -1 
X 2 2 
(3) «6-2? -1 


2 
x 2 
—+(y-2)" =1 
9 50592) 
The correct answer is a. 
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ODD SOLUTIONS 


1. 


parametric, parameter 


3. orientation, direction, increases 5. 


For problems 7 through 13, see textbook answer section for graphs. 


Pythagorean identity 
Substitute known values 


Pythagorean identity 


Substitute known values 


Simplify 


sint, cost, Pythagorean 


The graph is an ellipse with center at the origin. The intercepts on the major axis are (0, 4) and 


15. sint =x and cost = y 
sin^ t cos? t =1 
vty =l 
The graph is a circle with its center at the origin and r=1. 
17. 3cost=x and 3sint=y 
cost =~ sint =~ 
3 3 
cos*t+sin’t=1 
x 2 2 
ij^ 
3 3 
2 2 
DE ES 2 =| 
9 9 
x+y? 29 
The graph is a circle with its center at the origin and r=3. 
19. 2sint =x and 
, x 
sint =— 
2 
sin^ t cost -1 
x 2 2 
BO) [2] =1 or 
2 4 
(0, -4). The intercepts on the minor axis are (2,0) and (-2,0) . 
21. 2+sint=x and 3+cost=y 
sint=x-2 
sin? t - cos? t =1 
(x-2y «(y-3y -1 
The graph is a circle with center at (2, 3) and r=1. 
23. sint-2 =x and cost-3=y 
sint =x+2 
sin? t - cos? t =1 
(x2) +(y+ ay =] 
The graph is a circle with center at (-2,-3) and r=1. 
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25. 34+2sint =x and 1+2cost =y 
2sint 2x -3 2cost =y-1 
sint Aut AE 

2 2 


sin? t - cos? t =1 


2 2 
DIE 
2 2 
2 2 
(e-3) uet): 4 
4 4 
(x-3J «(y-1) -4 
The graph is a circle with center at (3, 1) and r -2. 


27. 3cost-3- x and 3sint 412 y 
3cost 2 x 43 3sint 2 y-1 
x43 : -1 
cost = —— sint = —— 

3 3 


cos? t +sin’t =1 


j 


(x+3) «(y-1) =9 


The graph is a circle with center at (-3, 1) and r=3. 


29. sect =x and tant =y 
sec’ t - tan t1 Pythagorean identity 
x =y +l Substitute known values 
x-y =1 Simplify 
31. 3csct =x and 3cott = y 
csct = i cott = t 
3 3 
csc? t 2 cot? t 41 Pythagorean identity 
2 2 
3 = (2 +1 Substitute known values 
3 3 
2 2 
Xal ii Simplify 
9 9 
2 2 
Ue 
9 9 
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33. 2+3tant=x and 4+3sect =y 


3tant =x-2 3sect = y- 4 
tant = HE sect = yee 
3 3 
sec’ t - tan t41 Pythagorean identity 
e 2 -2 2 
(=) = E +1 Substitute known values 
2 2 
(y-4) (x-2) ee 
—— = +1 Simplif 
9 9 pity 
2 2 
oa G-2) , 
9 9 
35. cos2t =x and sint = y 
cos2t 2 1-2sin^t Double-angle identity 
x-1-2y Substitute known values 
37. sint =x and sint =y 
sint =sint Reflective property of equality 
y=x Substitute known values 
39. 3cost=x and 2cost=y 
cost =~ cost => 
3 2 
cost =cost Reflective property or equality 
5 = Substitute known values 
2x =3y Multiply both sides by 6 
41. From the diagram at the right, 
x h P(x, y) 
cos 0 = —— sing = —— 
98.5 98.5 h 
x 2 98.5cos0 h 2 98.5sinO 
y=llO5+h l 98.5 os 
2110.5 4 98.5sin0 
Next, we write O in terms of t using angular velocity: 12 
oe a oat NUIT Pad w= 4 (from Section 3.5) 
15min Lrev 15 min t 
2x 0 2x 
— =- Or =—t 
15 t 15 
: ; X 2x 
We want the starting point to be at (0, 0). So we must subtract 5 from aa : 
2m, m (20, x 
Therefore: x298.5cos| ——t - — |and y 2110.54 98.5sin| —t-— 
I5:- 2 15: 1:2 
Check on your graphing calculator. 
43. This problem is very similar to problem 41. 
cos0 = us sinô = ee 
75 75 
b=75cos0 h=75sin0 
x=125+b y=90+h 
=125+75cos0 = 90 4 75sin0 
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49. 


51. 


53. 


55. 


57. 


Next, we write 6 in terms of t using angular velocity: 
_ lrev 2zrad m rad 


- w= g (from Section 3.5) 
32min lrev 16 min t 


or 
16 t 16 


We want the starting point to be at (0, 0). So we must subtract E from T ; 


Therefore: x =125+75cos|~+-= |and y 2 904 75sin et 
16 2 16 2 

Check on your graphing calculator. 

Let a — tan x. Then tana=~ and - Lag «T, 

1 2 2 


We draw a triangle and we find the hypotenuse using x 
the Pythagorean Theorem. 


: x 
Therefore, sina = ———. 1 
x +l 


: X 
Let a 2 cos !x. Then Kos and O«a«z. 


We draw a triangle and we find the opposite side using 
the Pythagorean Theorem. 


Therefore, sin2a = 2sina cosa 1 


ape ess Tex 


1 


We must use the formula sinasinb = [sin(a +b)+sin(a- p) : 

Using algebra, we solve the equations: a+b=10 anda-b 27 and get a=7 and b =3. 

Substituting these into the formula above, we get sin 7xsin3x = 5 [ins + 3x)+sin(7x- 3x)]. 

Multiplying both sides by 2 gives us: sin(10x)+sin(4x) =2sin7xsin3x 

Let a -sin'! > . Then sina = i . We draw a triangle and we find the adjacent side using the Pythagorean Theorem. 


1 0852 


Next we find the tana = XE mc 


1 


Let a = tan` = and let B = cos"! > . We draw 2 triangles and find the missing sides. Next we find the 


cos (a + B) - cosa cos f -sinasin f. Substituting the values we found in the triangles, we get: 


»een-[as isIE) a 
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Chapter 6 Test 


Solving the equation: 2. Solving the equation: 
2sin6 -1=0 
2sin0 =1 tan +/3 =0 
m 1 tang = -V43 
UR Ø =120°,300° 
0 = 30,150? 
3. Factoring the equation: 


cos -2sin0 cos =0 
cos0(1-2sin8) 2 0 


Thus either cos0 20 or 1-2sin0 20 , which occurs when sin0 = ; . Thus the solutions are 0 = 30?,90?,150?,270? . 


4. Factoring the equation: 
tan - 2cos0tan0 - 0 


tanO(14-2cos8) - 0 


Thus either tan@ 20 or 1+2cos@=0 , which occurs when cos0 = - . Thus the solutions are 0 =0°,120°,180°,240° . 


5. Since sec0 = , the equation becomes: 


cos@ 


4cos? 0 =) 
cos? @ zA 
2 


0 = 45°,135°,225°,315° 


7. Isolating sing and then squaring: 
sin g +cos6 -0 
2 
sin g =-cosé 
2 


sin? ° =(-cos 0y 


1-cos8 x69 8 


1- cos0 = 2cos? 0 
2cos? 84 cos0 -1 =0 
(2cos8 - 1)(cos0 +1) =0 


dubai 
2 


0 = 60°,180°, 300° 


Chapter 6 


: 1 : 
Since csc@ = ui the equation becomes: 


sin 


et eee 
sin@ 


2sin? 0 -1- sin8 
2sin?0 -sinü -1-0 
(2sin0 +1)(sin@ -1) 20 
dec! 
2 


0 =90°,210°,330° 
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Since this equation was solved by squaring, each solution must be checked: 


af - cos 60? = sin 30? - cos 60? = I = ] (doesn't check) 


sin 


sin + cos 180° = sin 90° +.cos180° = 1+(-1) =0 (checks) 


. 300° 
sin 


+ cos 300? = sin 150° + cos 300° = E i =1 (doesn't check) 


Thus 6 =180° is the only solution. 


8. Using the double-angle formula for cosine: 
4cos20+2sin@ =1 
a(i -2sin? 0)«2sing =1 
4 - 8sin2 0 2sin6 -1 
-8sin? 0 +2sin0+3=0 
8sin? 0 -2sin8 -3-0 
(4sin0 - 3)(2sin8 +1) 20 
sin = TE 
24 
If sind = a , 8=210°,330° , and if sin0 = - , 0=48.6°,1314°. 
9. For sin(30 - 45?) = E all values will take the form: 
30 — 45° = 240° + 360°k 30 — 45° = 300° + 360°k 
30 = 285° + 360°k 30 = 345? + 360°k 
0 = 95° +120°k 0 =115°+120°k 
Substituting k = 0, 1, and 2 results in the solutions 0 = 95°,115°,215°,235°,335°,355° . 
10. Squaring each side of the equation: 
(sin + cos ey =1 
sin? 0 2sinO cos + cos? 0 =1 
1+sin20 =1 
sin20 =0 
All values will take the form: 
20 =0° + 360°k 20 =180° + 360°k 
0 =180°k 0 = 90° +180°K 
Substituting k = 0 and k = 1 results in the possible solutions 0 = 0°,90°,180°,270° . Since this equation was solved by 
squaring, each solution must be checked: 
sin0° +cos0° =0+1=1 (checks) 
sin 90° + cos90° = 1+0 «1 (checks) 
sin180° +cos180° = 0 - 1 2 -1 (doesn't check) 
sin 270° + cos270? = -14 0 = -1 (doesn't check) 
Thus 0 2 0?,90? are the solutions. 
11. All values will take the form: 
30 2120? + 360°K 30 = 240? + 360?& 
0 = 40? +120°k 0 = 80? -120?K 
Substituting k = 0, k = 1, and k = 2 results in the solutions 0 = 40°,80°,160°,200°,280°,320° . 
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12. All values will take the form: 
20 = 45? - 180?K 
0 2 22.5? - 90?k 


Substituting k = 0, k = 1, k = 2, and k = 3 results in the solutions 0 = 22.5°,112.5°,202.5°,292.5°. 
13. Solving the equation: 


-3410sin(x-1)- 5 
10sin(x-1)=8 
4 
ER 
sin(x - 1) 2 
x-1=sin (Ss ($) 
5 
x-1=0.93,2.21 
x =1.93,3.21 


14. Solving the equation: 
7-4 tan(3x+1)=19 


-4 WE =12 
tan(3x +1) - -3 
3x+1 o (a - tan! (3) e 
3x 4121.89 4 kr 


3x 20.89 + kī 
sse et 
3 


Substituting k=0,k=1,k=2,k=3,k=4, and k = 5 results in the solutions x ~0.30,1.35,2.39,3.44,4.49,5.54 . 
15. Using the double-angle formula for cosine: 
cos2x - 3cosx 2-2 


(2cos? x-1)-3cosx=-2 


2cos? x—3cosx+1=0 


(2cosx - 1)(cosx - 1) 2 0 


eae 
2 


All solutions will take the form x=2ka , x= ++ 2kz ,or x= ag. 2kz . 
16. Solving the equation: 
J3sinx-cosx =0 
4/3 sin x = cosx 


NE sinx cosx 
cosx cosx 
NE tanx=1 


All solutions will take the form x = = + 2kz or x= A. 2kz . Note that these solutions combine as x = zm rkm. 
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17. Since sin2xcosx+cos2xsin x = sin(2x + x) = sin 3x , the equation is sin 3x =-1. All solutions will take the form: 


D ENGL Fe 
2 


18. Solving by taking cube roots: 
sin? 4x =1 
sin4x =1 


4x = 420k 
2 


m kx 
x =—+— 
8 2 


19. Solving by factoring: 
5sin? 0 -3sin0 =2 
5sin?0 -3sin8 -2-0 
(5sin0 +2)(sin@ - 1) 20 


ey ee 
5 
For sin =1 , 0290? . For sind ==, 8 = 203.6°,336.4°. 


20. Write the equation as 4cos? 0 -4cos0 -2- 0 , or 2cos? 0 -2cos0 -1-0 . Using a z2,b 2-2,andc = —1 in the 
2 
-(3):4(-32) -4(2)(-) 2+44+8 22V12_222V3_12¥3 
2(2) 4 4 4 2 


48 


= 1.37, which is impossible, or cos0 = E 


quadratic formula: cos@ = 


Either cos0 = DAS = —0.367 , which occurs when 0 = 111.5°,248.5° . 
21.  Sketching the graph: 22. Sketching the graph: 
" 


A y=cosx+3 


y=3sinx-2 y=4sinx 


-5-1- 


Y Y 
The solutions are x «0.7297,2.4119 . The solutions are x &1.0598,2.5717 . 
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23. Sketching the graph: 


y=sinņ°x+3 sinx- |l 


The solutions are x =0.3076,2.8340 . 
24. Sketching the graph: 


Y y=sin 2x 
The solutions are x = 0.3218,1.2490,3.4633,4.3906 . 
25. Solving the equation: 


139 -125 cost 2150 
10 


-125cos Čt =11 
10 


E 11 T A x] 
—t=cos CE —t=+COS mi 
125 125 
pills 2 i) jg m +cos™! cus z14.7 
125 


The time will be either 5.3 minutes or 14.7 minutes. 
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26. Since cost = : and sint =~ , the equation becomes: 27. 


cos? t ^ sin? t=1 


1etan?t - sec? t 


1«y? 2x? 
2 2 
m ded x-y =1 
9 9 
vty xz 


Since sect =x and tant = y , the equation becomes: 


r-y=] 
4-4 
r+y=9 
*- } » X < | » X 
-4 4 4 
-4—+ 
Y Y 
; . ] x-3 o y-l 
28. Since x-3=2sint,sint = zm .Since y-122cost,cost = em . Therefore: 
sin? t & cos? t 21 
2 2 
SEGR 
2 2 
2 2 
Ea oa 
4 4 
(x-3) +(y-1} -4 
The graph is a circle with center = (3,1) and radius = 2: 
y 
^T q-3?4(-1?24 
X 
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29. Since +3 3cost cost === . Since y-1- 3sint,sinr ^ 2 Therefore 


sin’ t 4 cos? t=1 


SEGR 
(x«3P 0-1 
9 9 
(x+3} «(y-1) -9 
The graph is a circle with center = (—3,1) and radius = 3: 


=1 


(x-3P -*(y-1)? 29 


Y 
30. Lett represent the central angle in radians. Since the radius of the wheel is 90 feet, we have: 


x -2 90cost 
y =90sint 


To shift the wheel 98 feet up (90 + 8 = 98), the parametric equations are: 


x =90cost 
y 2 984 90sint 


; ; m : : 
To shift the wheel so that the rider starts at the bottom, subtract 5 from t to obtain the equations: 


sese (7-2. 
2 


y= 98-+90sin( 1) 


We now need to find a connection between f and the parameter T. Since it takes 3 min to make 1 revolution, then: 


DEL: 
T 3 
pad 
3 
Therefore the parametric equations are: 
x = 90 cos zu uU 
3 2 
S08 cONGn| apt 
3 2 
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Graphing these equations: 


200 +- 


= 


-100 


} 


— x 


-50 y, 50 100 


Cumulative Test Chapters 1—6 


1. Using the Pythagorean Theorem: 
A? 4x7 = (x+2)° 
164+x7 2 x? 44x44 
16=4x+4 
12=4x 


x=3 
2. Drawing 210° in standard position: 


Y 
A positive angle which is coterminal with 210? is 570°. A negative angle which is coterminal with 210° is —150°. 


3. If sind ==, we can choose y = 24 and r = 25. To find x, use x+y? =r: 


x? «24? =257 
x? +576 = 625 
x? 249 


x=+7 


2 


Since 0 terminates in quadrant II, x < 0 and thus x = —7. Using x = —7, y = 24, and r = 25 in the definitions: 


7 


Chapter 6 


sec 0 SER) 
x 7 

cot0 eee 
y 24 
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b 1 : 
If sin0 2 — , we can choose y = 1 andr =a. To find x, use x41? =a’: 
a 
ESL za 
a deg 
x? Eg -1 
2 


2 2 
cos - 5. Y? = cscü - =f =a sudo e. $ed 
r a 
: : ; : ; 1 sind 
Working from the right side: sin@sec@ = sinO* = =tand 
cosÜ  cos0 
2 2 
Simplifying the expression: cos? 30? - sin? 45° = v3 - v2 uud 
2 2 4 4 4 
Converting to degrees and minutes: 14.65? = 14? 4 0.65? = 14° +0.65 (60') = 14?39' 
Using triangle DBC: 
cos(ZBDC) = cL 
cos 55° - 
29 
x 2 29c0s55? «16.6 
Using triangle BAC: 
cos(ZA) - ndun. 


cos 38° = wed 
41 


x+y 2 41cos 38? 
y =41 cos 38° -29c0s55? «15.7 


Using two significant figures, the answers are x « 17 and y = 16. 
Let A and B represent the two observers, and S represent the sailboat. Construct the figure: 


north 
A 
x 
west > east 
1l.7-x 
B 
south 
Therefore: 
tan 75? - iion uc. 
x 1.5-x 
y=xtan 75? y - (0.7 - x)tan 65? 
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Setting these two expressions equal: 
(1.7 -x)tan 65° = xtan 75? 


1.7 tan65° — x tan 65? = x tan 75? 
1.7 tan 65° = xtan 75? + x tan 65? 
1.7 tan 65° = x(tan 75° + tan 65°) 
1.7tan65° 


2L — = 0.62 
tan 75° + tan 65? 
Therefore: 
tan75° = 2 
x 
tan 75° = >— 
0.62 


t 20.62tan 75? ~ 2.32 mi 
The sailboat is approximately 2.3 miles from the shore. 
10. Computing the magnitudes of V, and V,: 


| V. | =48.cos 33° = 40 ft/sec | V, | =48sin 33* ~ 26 ft/sec 


11. Drawing the angle in standard position: 


The reference angle is 50°20’. 
12. Computing the value: 4sin|2* ET agi ae 
6 2 6 2 


13. Finding the trigonometric values: 


sin = y = -0.9673 cos0 2 x 20.2537 ugue cr DE 
x | 0.2537 
14. Since 35 minutes = 2o :2m- = radians , the arc length is given by s 2 r0 -2* a = = cm. 
sot oe s y* 5 90. 2 radian 
15. Finding the angular velocity: o 2—- sec = — radians 
r 3 cm 3 sec 
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16. Sketching the graph: 


A y= secx 
l [ ! ey sham mea gl! l l [ 
] I ] I I [ [ I 
l [ ] I [ [ [ ' 
] I ] ] [ [ [ I 
I I I I I | | I 
| [ I |] 1 1 l I 
| I | i | | | [ 
] I ] ] [ [ [ I 
I I I I I i | I 
] I ] I [ [ [ I 
| I i i | | | l 
Sota Se ee! Pa a a 
An | ! 2x! ! ! ! 2x! ! 4x 
] I ] ] [ [ [ I 
| I | I | | | [ 
] I I I [ I [ I 
| [ | rl+ | | | [ 
l I ] ] [ [ [ I 
| I I I i I I I 
] I ] ] [ [ [ I 
| [ i l | | | [ 
| [ I 24+ |! l | I 
Y 
: : Tax 5m 3m m x 3n 5m Tr 
Thus sec x is undefined when x = -—,-——,-——,-—,—,—,—,— 


Dig 9 drca 
17.  Theamplitude is ; and the period is = . Sketching the graph: 


y 


y=+sin 3x 


18. The amplitude is 1, the period is 2% , the horizontal shift is 7 , and the vertical shift is 3. Note this is a 


: m ; 
reflection of y = cos [: - z) across the x-axis: 


y 

A 

5— 

y= 3 — cos (x — 71/4) 

4+ 

3- 

A 

l- 
he 

w4 37/4 Sal4 7m 9/4 
ai- 
Y 
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-M 
4 
2 


/5 


19. The period is 


7 = 2m and the horizontal shift is = 2 . Sketching the graph: 
2 


yz3tan(ix42) 


24-4 
v x=7/2 
20. This is a cosine curve with amplitude = 2 and period = 2 , therefore: 
2m — 
B 
B=n 
The horizontal translation is 2 , therefore: 
C ] 
B 2 
C ] 
mz 2 
ea! 
2 
The curve is a reflection across the x-axis with a vertical translation of 3 units, so its equation is y 23 ~2eo xx - z) 
21. 


Let 0 =sin™! ru so sind -= . Drawing the triangle: 


v5 


The missing side was found using the Pythagorean Theorem: b = N 3-2? =V9-4=45. 
Therefore: cos sin! d -cos0- v5 


Chapter 6 Page 356 Cumulative Test Chapters 1-6 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Working from the left side: 


(1+seex)(1coss)=[14 


Jaco) 


PE 
x 


COS X 


=l-cosx+ 


1 COSX COSX 
— . 


COS X 1 COS X 


l- cos? x 
cosx 
H sin? x 
COS X 
sin? x 
-——;—*C08X 
cos” x 
- tan? XCOSX 
23. Using the difference formula for sine: sin(@ - 90°) = sin 0 cos90° — cos 0 sin 90° = sin 0 + 0 - cos 0 + 1 = -cos 0 
24. Since sinA = 4 and A terminates in quadrant IV, cos A » O and thus: 
cos A - N1-sin a= di- (3 S Se ET E 
12 
Since sin B = — 20 B terminates in quadrant II, cos B <0 and thus: 
cos B - -N1-sin? B =-,/1- (2) =-,|1- E 
ie ps 
Using the addition formula for sine: sin(A- B) = sin Acos B + cos Asin B =| — 2j s + Ede - iS + de - 98 
S/\ 13/ N5/A13/ 65 65 65 
: A E o A $ A A 
25. Since 270° < A < 360^, 135? < — 7^ 180? . Thus » terminates in quadrant II, so EOS <0 and therefore: 
reos, 4/10 
YN 45 10 A 10 
26. Using the product-to-sum formula: 4sin7xcos3x - 4* spins 3x) +sin(7x- 3x) |= 2(sin10x+sin 4x) 
27. Factoring the equation: 
2cos? @-cos@-1=0 
(2cos8 +1)(cos@-1) 20 
Thus either 2cos0 4-120, so cos0 = - ,or cos - 1-0, so cos0 - 1. Thus the solutions are x =0°,120°,240° . 
28. Using the double-angle formula: 
sin2x -sinx 20 
2sinxcosx -sinx 20 
sinx(2cosx -1) 20 
1 5a 
Thus either sinx =0 or cosx = zu Thus the solutions are x =0, > QU, rar 
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29. Since cos4xcosx+sin4xsinx = cos(4x - x) =cos3x , solving cos3x = - results in all values of the form: 


3x 2120? + 360?K 3x = 240? + 360?K 
x 2 40? +120°k x 2 80? 4120?K 
30. Since cost =~ and sint=~: 
3 5 
sin? t cos? t 21 
ae 2 2 
=| + k =1 
3 5 
2 2 
x + a = 1 
9 25 
The graph is an ellipse: 
y 
A 
6 + 
7/9 + y?/25 = | 
<— > a 
-4 4 
-6 + 
Y 
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Chapter 7 
Triangles 


7.1 The Law of Sines 


EVEN SOLUTIONS 


2. 


We use the law of sides to find the missing parts of triangles for which we are given two angles and one side. In either 
case, a unique triangle is determined. 


4. To solve an oblique triangle given the case ASA, the first step is to find the missing angle so that the law of sines can 
be used. 
6. Using the law of sines: 8. Using the law of sines: 
a b c b 
snA sinB snC sinB 
12 | b c 18 
sin45? sin60? sin40°  sin100* 
p uen =15 cm ge = 12 inches 
sin 45? sin 100? 
10. Using the law of sines: 
a c 
sinA sinC 
24 | c 
sinl0* sin150° 
P ASSI yd 
sin 10? 
12. First note that A = 180°-(B+C) 2 180? - (40? + 70°) = 70? . Using the law of sines: 
a c 
snA sinC 
a | 82 
sin70° sin 70? 
ns 82sin 70? -8 km 
sin 70? 
14. First note that B = 180°-(A+C) 2 180? - (33? - 82°) = 65? . Using the law of sines: 
c b 
sinC sinB 
c %4 
sin82? sin65° 
c= RD = 48 cm 
sin 65? 
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16. Note that B=180°-(A+C) 2180? - (110.4? - 21.8?) = 47.8° . Find a using the law of sines: 


a C 


snA sinC 


a 246 

sinl10.4?  sin21.8? 
2 246 sin110.4° < 621 inches 
sin21.8° 
Find b using the law of sines: 
b c 

snB sinC 

b 246 
sin47.8? sin21.8? 

po oem SS aes 


sin 21.8? 
18. Note that C 2180? - (A B) 2180? - (46° + 95?) = 39° . Find a using the law of sines: 


a ^e 
snA sinC 
a | 68 
sin46?  sin39^ 
He 6.8 sin 46° ~78m 
sin 39° 
Find b using the law of sines: 
b c 
sinB sin C 
b 68 
sin95° sin39° 
p- 6.8sin 95° adim 
sin 39? 
20. Note that A-2180? -(B- C) 2 180? — (14?20' + 75°40’) = 90° . Find a using the law of sines: 
a b 
sinA sinB 
a 2n 
sin90°  sin14?20' 
d 2.72sin90? 21108 
sin14?20' 
Find c using the law of sines: 
c b 
sinC -sinB 
c 2n 
sin75°40'  sin14?20' 
, 2.72sin 75?40' -10.6 ft 
sin 14°20” 


22. Note that C =180° -(A + B) =180° — (105? + 45°) = 30° . Finding a using the law of sines: 


a C 


sinA sinC 
a 630 
sinl05? sin 30? 

q  $30sin105* 


sin 30? 


= 1,200 cm 
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Finding b using the law of sines: 


b c 
sinB sinC 
b 630 
sin45°  sin30? 
p- 630 sin 45° ~ 890 cm 
sin 30° 
24. Using the law of sines: 
b a 
sinB sinA 
19 18 
sinB sin40° 
19 sin 40° 


sin B = ———— = 0.6785 
18 


B = 43°,137° 
26.  Re-drawing the figure: 


C 39 
B x 
39 A 
D 

: ; , s 22 . 

First find C using the arc length: C =- = BT = 0.56 radians 
r 
; . 180° a 

Converting to degrees: 0.56 radians = 0.56 e = 32.3 


Thus D =180°-(A+C) =180° - (26° + 32.3°) 2121.7? . Using the law of sines: 


CA _ CD 
sinD sinA 
39-x 39 


sinl21.7?  sin26? 
_ 39sin121.7° 


39-x 
sin 26? 
pa EN S36 G87 
sin 26° 


28.  Re-drawing the figure: 
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First find C using the arc length: C = es = radians 
r 


21 180° 
m 


= 54.7? 


Converting to degrees: = radians = 


Using the law of sines: 


DA _ DC 
sinC sinA 
y | 22 
sin54.7?  sin55? 
_ ZUE ay) 
sin55° 
30. Note that this problem can be solved using right triangles. To use the law of sines, first label missing information: 
440 A 
Note that œ 2 180? - (28? 142?) 210? . Find y using the law of sines: 
y _ 440 
sin28?  sin10? 
COSAS ioe 
sin 10? 
Therefore (using the smaller right triangle): 
cos38° = —— 
190 
x =1190 cos 38? ~ 937 feet 
The distance from the building on the second observation is therefore 937 + 440 = 1,400 feet. 
32. Let x represent the distance from the person to the top of the hill. Using the law of sines: 
x | 110 
sin63.5?  sinl.5? 
Q2 SONOS Ae 
sin1.5? 
Then using the right triangle: 
sin25? = E 
3,761 
h =3,761sin25° = 1,600 feet 
The hill is 1,600 feet tall. 
34. First draw the figure, where h represents the height of the building: 
155 ft 
h 
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36. First find CB using right triangle CBD (let x represent length CB): 
tan22.5? = LWW 
xtan22.5° = 1,050 
= ae: = 2,535 feet 
tan 22.5? 
Now consider triangle ABC, where y is the desired distance: 
Using the law of sines: 
y | 2,535 
sin55.4?  sin56.4? 
E 2:399 sin 55.4 = 2,510 feet 
sin 56.4° 
The rescue boat will need to travel approximately 2,510 feet. 
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The upper triangle can be drawn, noting 28.5° — 23.5° = 5° and 90° — 28.5° = 61.5°: 


61.5° 


Using the law of sines: 
y 155 


sin61.5* sin5° 
_155sin61.5° 


- = 1,563 feet 
sin 5? 
Therefore (using the smaller right triangle): 
sin23.5? = ea 
1,563 


h =1,563sin23.5° ~ 623 feet 
The building is approximately 623 feet tall. 
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38. First draw the figure, where x and y represent the required distances. Note that the angle at the rocket is 
180? -(75°+ 65°) = 40? : 


north 


west < > east 
south 
Find x using the law of sines: Find y using the law of sines: 
Her SZ oto y | 35 
sin65?  sin40? sin75°  sin40? 
i OAS? -49 mi ESL E -53 mi 
sin 40° sin 40° 


Tom is approximately 4.9 mi from the rocket, and Fred is approximately 5.3 mi from the rocket. 
40. First note that 14.5 inches = 1.21 feet. Since the tightrope walker is standing in the center of the rope, we can construct 
the figure: 


D 


A B 


Finding ZDCB using the right triangle: 


cos ZDCB = ek 


23.25 
ZDCB - cos! MERC = 87.0° 
23.25 


Now re-drawing the tension vectors: 


87° 


145 Ib B 
87° x 


Note that B =180°-(87°+87°) =6° . Using the law of sines: 
x 145 


sin87° sin6° 
145 sin87° 
eres 
sin 6° 
The tension is approximately 1,390 pounds. 


= 1,390 pounds 
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42. Since the chair lift is in the center of the cable, construct the figure: 


A 1075 D 107.5 F 


Finding ZDCB using the right triangle: 


tan DCB = 1072 
15.8 


ZDCB = tan`! 1075 \ = 81.64° 
15.8 


Now re-drawing the tension vectors: 


Note that B — 180? — (81.64? - 81.64?) 216.72? . Using the law of sines: 
x 725 


sin81.64°  sin16.72? 
_ 725sin81.64? 
sin 16.72° 
The tension is approximately 2,490 pounds. 
44. Solving the equation: 
5tanü-3-20 


5tan0 =3 


= 2,490 pounds 


NE 
5 


0- an" 2) 180°% 


0 = 31.0°,211.0° 
46. Solving by factoring: 
3sin0 * 2sin0cos0 =0 


sin8(3 2cos0) =0 
Either sin0 2 0 or cos0 = - , Which is impossible. The solutions are 0 =0°,180° . 
48. Solving by factoring: 
10cos? 84 cos8 - 3-0 


(5cos8 - 3)(2cos60 -1) 20 


dim t 
52 


If cos0 --Ż , 0 =180° - 53.1° 2126.9? or 0 =180°+53.1° 2 233.1? . If cos0 - ,0260? or 0 =300°. 
The solutions are 0 = 60°,126.9°,233.1°, 300° . 
50. The reference angle is 6 cos! (0.2351) = 76.4? . Thus either 0 =76.4° or 0 = 360° - 76.4° = 283.6° . 
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52. Note that this problem can be solved using right triangles. To use the law of sines, first label missing information: 


72 
Note that œ =180°-(51°+112°)=17° . Find y using the law of sines: 
y | 72 
sin51?  sinl7? 
Uem Ld 
sin17° 
Therefore (using the smaller right triangle): 
sin 68° = E 
191.4 


x =191.4sin 68° ~ 180 feet 
The height of the building is 180 feet. The correct answer is d. 


ODD SOLUTIONS 

1. oblique 3. sine, opposite, constant 

MES b Law of Sines 

sinA sin B 
a 14 ; 
- Substitute known values 
sin80'  sin30* 
a= Boy Multiply both sides by sin 80° 
sin 30° 
=28 cm Round to 2 significant digits 

7. D a Law of Sines 

sinB  sinC 

b 28 


- Substitute known values 
sin120° sin20* 


p POSUI. Multiply both sides by sin 120° 


sin 20° 
- 71 inches Round to 2 significant digits 
9. eee Law of Sines 


snA sinC 


x ont Substitute known values 
sin5' sinl25' 
giis Multiply both sides by sin 5? 
sin125* 
754 yards Round to 2 significant digits 
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11. C = 180? — (A + B) 
= 180? — (50? + 60°) 
= 180? — 110°= 70° 

c a 


sinC sinA 


Co 36 
sin70° sin 50° 
36sin 70° 
=- inso 
=44 km 


13. C = 180? — (A + B) 
= 180° — (52? + 48°) 
= 180° — 100°= 80° 

a E 


sin A sin C 


a P 14 
sin52°  sin80' 
14sin 52° 
a = ————— 
sin 80° 
=11 cm 
15. C 2180? — (A + B) 


= 180° — (42.5°+ 71.4*) 


= 180° — 113.9°= 66.1? 
c a 


sin C sin A 
c 215 


sin66.T  sin42.5° 
i 215sin66.1* 


sin 42.5° 
=291 inches 
17. A=180°- (B+C) 
= 180° -(57°+31°)=92° 
b | 4 
sing  sinA 
EDEN: 
sin57°  sin902" 
TN COE ST 
sin92° 
= 6.1 meters 


19. B = 180? - (A + C) 
= 180? — (43.5? 120.5?) 


-180?- 164°= 16° 
b | 4 
sinB sinA 
b -- 348 
sinl6°  sin43.5" 
js aE -139 ft 
sin 43.5° 


Chapter 7 


Law of Sines 
Substitute known values 


Multiply both sides by sin 70° 


Round to 2 significant digits 


Law of Sines 
Substitute known values 


Multiply both sides by sin 52° 


Round to 2 significant digits 


b a 
sin B sin A 
b 215 


sin714" sin42.5 
_215sin 71.4" 
sin 42.5° 


= 302 inches 


c a 


sinC sinA 


c H 7.3 
sin3l  sin92^ 
» 7] 3sin 3T 
sin 92° 
= 3.8 meters 


c EE. 
sinl20.5°  sin43.5 
t SR -436 ft 
sin 43.5° 
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21. A= 180°-(B+C) 
= 180? — (13.4°+ 24.8°) 
= 180°- 38.2° ^ 141.8° 


2 E = & = b 
sinB  sinA sinC sinB 
b "E c o 315 
sinl3.4°  sinl41.8* sin24.8° sin141.8° 
P 315sin13.4° e 315sin24.8* 
sin141.8* sin141.8* 
=118cm =214 cm 
23. sin B E sinA 
b a 
sin B = sin 30° 
20 2 
sin B = IAM =5 


This is impossible because the sine function must be between — 1 and 1. 
25. s=r0 (@isZC) Arc length formula 


11212-0 Substitute known values 
0- a Divide both sides by 12 


4C= 2 radians. Converting this to degrees, we get: 


c-(5 =) =53° Also: D=180°-(C+A) 
12 zx 
=180° -(53 +31) 


= 180° - 84° 296 
Using the Law of Sines, we find x: 


EU, see x+12 =23 
sin D sin A 
x+12 Tm 12 “xii 
sin96° sin 31° 
du desis 
sin 31° 
27. s=r0 (@isZC) Arc length formula 
18 =15-0 Substitute known values 
0- ue = 2 Divide both sides by 15 
15 5 


4C= Ê radians. Converting this to degrees, we get: 


c-($2) =69° Also: D=180°-(C+A) 
JU 


= 180° (69^ +45’) 
= 180° -114^ 2 66 
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29. 


31. 


33. 


Using the Law of Sines, we find y: 
y r 


sinC sinA 
y | 15 
sin69' sin4S" 
We find the missing angles first: 
ZABD = 180° - 64° 2116 


ZADB =180° —(46° +116") =18° 


Now we find BD using the Law of Sines: 


BD | AB 
sinA sinZADB 
BD _ 100 
sin46' sinl8° 
BD- ue sin 46 
sin 18° 
Then we find h, using the sine ratio: 


= 233 


h = 233sin 64° = 209 feet 
First, we find C: 
C =180° - (36 + 35°) 
=180°-71° =109° 


Next, we find the distance that the man travels 


from A to B: 
d-r-t 


=e top sec = 450 ft 
sec 


Now we use the Law of Sines to find x: 


We find the missing angles first: 
0290 + 32° =122° 
p = 180° - (1227 + 42°) =16° 
Now we find y using the Law of Sines: 
y | 60 
sinl22' sinl6 
_ 60sin122 
= sinl6 
Then we find x, using the sine ratio: 


sin48° = 


= 184.60 


x 
184.60 
x = 184.60 sin 48° 2 137 ft 


Chapter 7 


* 450sin 35° 


" 15sin69° 
sin 45° 


x | 450 
sin35' sin109° 


- - 273 ft 
sin109* 
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35. 


b 25 
sin44^ sin3 1 
b=- 2a -34 
sin3 1° 
Then we can find h using the tangent ratio: 
tan51° = dE 
34 
h 234tan5lY - 42 ft 
37. We find the missing angle first: LC =180° - (53 431) = 96 B 
Then we find the missing sides using the Law of Sines: a 
18 a 18 b C 
sin96'  sin3l sin96'  sin53 18 
a= esmar Sau 2 = 9.3 miles b- Ins REEL =14 miles b 
sin 96° sin 96° 
39. We can redraw the two tension vectors CA and CB and the vector W due to gravity. We know 
that the magnitude of W is 125 pounds. 
First, we find the missing angle: A 
0 2180  - (77.5 4 81.5) 22Y 
Then, we find |CA| and |CB| using the Law of Sines: |W 
|CA| — 125 ICB _ 125 
sin81.5°  sin21 sin77.5°  sin21° 
(or ec — 345 lb cps = 341 Ib 
sin21° sin 21° 
41. We can redraw the two tension vectors CA and CB and the vector W due to gravity. We know that the magnitude 
of W is 1850 pounds. 
First, we find the missing angle: 
0 =180° - (71.8 +74.8°) = 33.4 
Then, we find |CA| and |CB| using the Law of Sines: 
|CA| 1850 |CB| _ 1850 
sin71.8°  sin33.4 sin74.8°  sin33.4 
| Al 7 Ta ka -3240 Ib |CB| Z zec0un TLA -3190 Ib 
sin 33 4° sin 33 .4° 
43. 2sin0 - J2 =0 45.  sin0cos0 -2cos0 =0 
2sin@ - 42 cos (sin - 2) =0 
sind = sind =2 or cos0 =0 
6 = 45° No solution 6 = 90° or 270° 
0 = 45° or 135° 
47. 2sin^ 0 -3sin6+1=0 
(2sin0 - 1)(sin8 -1) 2 0 
2sin0-1-0 or sin0-1-0 
sind = z sind -1 
2 
6=30° or 150° 8-290* 
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7.2 The Law of Cosines 


EVEN SOLUTIONS 


"m 


10. 


12. 


14. 


16. 


18. 


20. 


An oblique triangle can have at most one obtuse angle, which must be opposite the longest side. 

Given all three sides, first use the law of cosines to find the largest angle. 

The difference between heading and true course is that true course is measured to the vector representing the actual 
path of the object. 

Ground speed is the speed is the speed of the object relative to the ground, and is the magnitude of the vector 
representing the velocity of the object in the direction of the true course. 

Completing the formula: 


a? - b? «c? -2bccosA 


a? -b? - c? 2 -2bccos A 

b^ eo sg 
2bc 

Using the law of cosines to find c: 


c? =a’ «b? -2abcosC = 48? 84? - 2 (48)(84)cos120? = 13,392 


€ 2 413,392 «115.7 inches = 120 inches 
Using the law of cosines to find C: 
c? 2 a? +b? -2abcosC 
29? 22? +247 —2(22)(24)cosC 
84121060 -1056 cos C 
-219 = -1056 cos C 
cos C = 0.2074 
C = 78? 
Using the law of cosines to find b: 


b? =a? «c? -2accos B 2 37? «64? -2(3.7)(6.4)cos 33° = 14.9306 


b-2414.99306 239 m 


Using the law of cosines to find A: 
a? =b « c? -2bccosA 
51? -24? «41? -2(24)(41)cos A 
2601 = 2257 -1968cos A 
344 = -1968cos A 
cos A = -0.1748 
A «100? 
First find b using the law of cosines: 
b? =a? «c? -2accos B 276.3? + 42.8” —2(76.3)(42.8)cos16.3° = 1384.77 


b =V1384.77 =37.2m 


Now find C using the law of sines: 

sinC  sinB 

c b 

sinC _ sinl63° 

428 372 

sinC = HAPUS E 0.3229 

37.2 
C = 18.8°,161.2° 

Note that C «161.2? is impossible, since a is the largest side, thus A must be the largest angle. Finally, 


A=180° - (16.3? 18.8?) -1449*, 


COSA = 
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22. First find B using the law of cosines: 
b? =a? +c? -2accos B 
75? = 48? «63? - 2(48)(63)cos B 
5625 = 6273 - 6048 cos B 
—648 = -6048 cos B 
cos B = 0.1071 


Bx 84° 
Now find A using the law of sines: 
sinA sinB 


a b 
sinA _ sin84° 
48 75 
48 sin84° 


sin A = ———— = 0.6365 
75 
A= 39? 
Finally C =180°- (39° + 84°) =57".. 


24. First find a using the law of cosines: 


a? - b? «c? -2bccos A 263 A? +75.27 -2(63.4)(75.2)c0s124?40' ~ 15098.32 


a 2415098.32 = 123 km 
Now find C using the law of sines: 
sinC  sinA 


c a 

sinC _ sin124°40' 

75.2 123 

SinC = 75.2sin124°40 0.5028 
123 


C = 30.19? = 30*10' 
Finally B - 180? - (124?40' + 30*10") = 25°10" . 
26. First find A using the law of cosines: 


a? =b? +c? -2bccosA 


832? = 623? + 345° - 2(623)(345)cos A 
692224 = 507154 — 429870 cos A 
185070 2 -429870cos A 
cos A = —0.4305 
A#115.5° 
Now find B using the law of sines: 
sinB  sinA 
b a 
sinB  sin115.5? 
623 832 
anys Ce 2 26750 
832 
B = 425° 


Finally C =180°- (1 15.5°+ 42.5°) =22.0°. 
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28. Using the law of cosines and substituting b? «c? for à? : 


a? =b? «c? -2bccosA 
b? «c? =b? ec? -2bccos A 
0 2 -2bccosA 
cos A 20 


A - 90? 
30. Draw the figure, where x represents the length of the longer side: 


Using the law of cosines: 
x? =17° «28? -2(17)(28)cos 50° = 461 


x= 461 «21 in. 


The length of the shorter side is 21 inches. 
32. After 30 minutes (1/2 hour) the ships have traveled 9 mi and 11 mi, respectively. Draw the figure, where x 
represents their distance apart after 30 minutes: 


Using the law of cosines: 
x? 29? «1? —2(9)(11)cos123° = 309.84 


x 24309.84 «18 mi 


The two ships are approximately 18 miles apart. 


34. Drawing the vector: 36. Drawing the vector: 
N 


30°/ 75 mi 
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38. Draw the figure (using 45 mi and 33 mi for the ship distances), where x represents the distance between the two ships 
after 3 hours: 


west < > east 


Y 
south 


Note that the angle opposite x is 13? + 90° + 15° = 118°. Using the law of cosines: 
x? 245? «33? -2(45)(33)cos118? = 4508.33 


x 244508.33 = 67 mi 


40. Draw the figure, where P represents the plane, W represents the wind, and T represents the true course: 
north 


west > east 


a 45.7 mph 


south 
Note the angle at P is 180° — 10.1° = 169.9°, so we have the triangle: 


Find x using the law of cosines: 
x? 2457? «244? -2(45.7)(244)cos169.9° = 83580.49 


x = ¥83580.49 = 289 mph 


Find 0 using the law of sines: 
sin  sin169.9^ 


457 289 
ga tO 00097 
289 
0 =1.6° 


The ground speed is approximately 289 mph, and the true course is 272.7° — 1.6° = 271.1° from due north. 


Chapter 7 Page 374 Problem Set 7.2 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


42. Draw the figure, where P represents the plane, W represents the wind, and T represents the true course: 
north 
A 


west < > east 


We have the triangle: 


Find x using the law of cosines: 
x? 2135? +140? -2(135)(140)cos 7° = 306.76 
x = 306.76 «17.5 mph 
Find 0 using the law of sines: 
sinO sin 7? 


135 175 
sing = 9T oo gana 
175 
0 ~ 70° 


The wind speed is approximately 18 mph, and the wind direction is 270° — 70° + 40° = 240° from due north. 
44. First sketch the figure: 


Using the law of cosines: 
x? 2556? «832? -2(556)(832)cos141.5? ~ 1,725,416 


x 241,725,416 «1,310 Ib 
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46. 


48. 


50. 


First sketch the figure: 


west east 


Y 
south 
Using the law of cosines: 


x? 2 4T. +55? - 2(47)(55)cos155? = 9,920 
x = 4/9,920 ~100 Ib 


Using the law of sines: 
sina  sin155? 


55 100 
sina = ne 0.2334 
100 


a = sin ! (0.2334) = 13° 
So the direction is 80° + 13° = 93°. 
Let x represent the length of the down tube. Using the law of cosines: 


x? 2569? «570? -2(56.9)(57.0)cos73.0° = 4590.11 


x 244590.11 ~ 67.8 
The down tube is approximately 67.8 cm long. Let 0 represent the angle between the seat tube and the down tube. 
Using the law of sines: 
sin  sin73.0^ 
569 678 
56.9 sin 73.0? 


sing = ———_———— = 0.8026 
67.8 


0 = sin ! (0.8026) = 53 4? 
The angle between the seat tube and the down tube is approximately 53.4°. 
a. Note that ZABC 2180? - 53° — 69° 2 58? . Using the law of sines: 
sin58°  sin53* 
AC — 49 
C= Sem 58? 
sin 53? 


=52 cm 


Chapter 7 Page 376 Problem Set 7.2 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


52. Let x represent the distance between Cayucos and Atascadero. Using the law of cosines: 
x? 2129? «4.61? —2(12.9)(4.61)cos79.2° ~ 165.4 
x= 1654 «129 
Let y represent the distance between Cambria and Templeton. Using the law of sines: 
sin36.1° _ sin106.1° 
12.9 y 
= 12.9sin106.1 221 
sin 36.1? 
Let z represent the distance between Cambria and Paso Robles. Using the law of sines: 
sin109.8? sin56.1^ 
Zz 21 
TN 21sin109.8 2238 
sin 56.1? 
The distance is 23.8 miles. 
54. The radian solutions are: 
Axe isis T NEU AN E 
3 3 
mo kx mo kx 
= — +— X2—4—— 
6 2 3.-2 
56. Since tan? 4x - 3 , tan4x = $5 . The radian solutions are: 
Ax 2 aka TAL aiy 
3 3 
m ka m kr 
=—+— x=—+— 
12 4 6 4 
58. Factoring the equation: 
3sin”20-2sin20-5=0 
(3sin26 -5)(sin20+1)=0 
sin20 = 2d 
3 
Note that sin 20 -2 has no solutions. For sin20 =-1: 
20 = 2710? + 360*k 
0 =135°+180°K 
60. Using the addition formula for cosine: 
cos 30 cos 26 -sin 36 sin26 - -1 
cos(30 +20) =-1 
cos50 =-1 
50 =180°+ 360° 
0 = 36°+72°k 
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b. Using the law of cosines: 
CD? = 49? +59° - 2 (49)(59)cos88? = 5,680.2 


CD = 45,680.2 ~ 754 
Now using the law of sines: 
sin88°  sinZBDC 
754 49 


sin ZBDC = 42088" 5 6408 
754 


ZBDC - sin ! (0.6498) = 41° 
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62. If sin0—cos0 20, sin =cos0 and thus tan0 =1 . Thus 0 =45°,225°. 
64. Using the law of cosines: 


b? =a? +c? -2accosB 
22.3? =13.8? «9.5? -2(13.8)(9.5)cos B 
497.29 = 190.44 490.25 - 262 2cos B 
216.6 = -262.2cos B 
cos B = -0.8261 


B =145.7° 
The correct answer is b. 


66. Draw the figure, where P represents the plane, W represents the wind, and x represents the ground speed: 
north 
A 


west ^ 


Y 
south 


Find x using the law of cosines: 
x? 265? 4 560? - 2(65)(560)cos95? = 324,170 


x 24324,170 = 569 mph 


The ground speed is approximately 569 mph. The correct answer is b. 


ODD SOLUTIONS 


m 


1. sides, angle, sides, unique side, cosines, sines, smaller 
5. clockwise, north, intended 7. air, heading 
9 


b? +c? -2bccosA 


2 2; 2 
11. c? =a +b’ -2abcosC 13. ATE dla uer 
-2ab 
2 2 2 
- (120) 4 (66)? -2(120)(66)cos 60° zuo po 
-2(13)(14) 
= 10,836 = 0.3846 
c 2100 inches (rounded to 2 significant digits) C =67 (The largest angle is opposite the 
longest side) 
a! -b° -c° 
15. a =b° «c? -2bccosA 17. cos AÅ = ——— — 
-2bc 
2 2 2 
- (42y +(6.8)° - 2(4.2)(6.8)cos116* Qe 
-2(10)(31) 
= 88.92 =-0.6177 
a=9A meters A=128° 
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19. 


21. 


23. 


25. 


27. 


29. 


31. 


b? =a’ +c’ -2accosB 


- (412 +(342)’ —2(412)(342)cos151.5° 


= 534,365.6029 
b 2731 meters 


b? -a° -c 
-2ac 
75-48-63 
—. -2(48Y(63) 
-0.1071 
B-84 


cos B = 


a =b" +c’ -2bccosA 


= (0.923)? + (0.387)? — 2(0.923)(0.387)cos 43°20! 


=0.4821 
a =0.694 kilometers 


asin B 


sin A = 
. 412sin1515° 
731 
= 0.2689 
A=15.6° 
C =180° - (05.6 4151.5) =12.9° 
sinC = csin B 
= 63sin 84° 
75 
20.8354 
C=57 
A=180° - (57^ - 84) 2 39° 
sinC = csinA 
a 
a 0.387 sin 43°20 -03827 
0.694 
C 222/30' 


B 2180' -(2230'- 43205 =114°10' 


Note: Answers may differ depending on the order in which the angles are found. 


l-a -b 
-2ab 
_ 5.22* -4.38° -3.79° 
|». -2(4.38X(3.79) 
=0.1898 

C=79.1 


cosC = 


bsinC 
c 
. 3.79sin 79. 
NE ^ 
- 0.7130 
B =45.5° 
A=180° -(79.1° +45.5°) =55.4° 


sin B = 


Note: Answers may differ depending on the order in which the angles are found. 


a^ =b° +c -2bccosA 
a^ 2 b! +c’ -2bccos90* 
a 2b! +c’ -2bc(0) 
a! =b +e 
The diagonals of a parallelogram bisect each other. 
The angle opposite side x is 120°. 
x! = T +8° —2(7)(8)cos120° 


= 169 
x 213 meters 
d, - nt, d, -rft, 
-130(1.5) -150(1.5) 
=195 miles = 225 miles 


a^ - b! «c? -2bccosA 
-(225y «(195y -2(225)(195)cos36 
= 17658.76 
a =130 miles (rounded to 2 significant digits) 


195 a 


225 C 


> 


For problems 33 and 35, see textbook answer section for diagrams. 
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37. 


39. 


41. 


43. 


45. 


Distance of first plane is 246 ( 2 ) or 492 miles. 

Distance of second plane is 357 (2 ) or 714 miles. 

Angle between the two planes is 175? — 135° or 40°. 

We will use the Law of Cosines to find x: 492 


x? =(492)° « (714)! -2(492)(714)cos 40° 
= 213655.56 
x = 462 miles (rounded to 3 significant digits) 


[V «WP =V]? +W -2|v||w]cose X 
= (35)? + (160} -2(35)160)c0s165* 
= 37,643 

[V + W| 2190 mph (to 2 significant digits) 


: 35sin165* 
sin f = ——— —— 
190 


20.0477 
p =3° (to the nearest degree) 


The true course is 150? + 3° = 153°. The ground speed of the plane is 190 mph. 
The angle between the plane vector and its airspeed is 34.0? — 30.0? or 4.0". 
We will use the Law of Cosines to find the speed of the wind: 
Iw - (195) + (207y -2(195)(207)cos 4.0 
= 340.65 
[w] =18.5 mph 


Next, we will use the Law of Sines to find a: 


. 195 sin 4.0° 
sin œ = ——— —— 
18.5 


=0.7353 
a=473° 
The wind is 18.5 mph at 34.0° + 47.3° or 81.3° from due north. 
First we find the angle opposite the resultant: 0 =180° -26° 2154 
We will use the Law of Cosines to find the magnitude of the resultant force. 
Ul -(58y +(73)° -2(58)(73)cos154* 
= 16,303.98 
|v| 2130 pounds (rounded to 2 significant digits) 


First we find the angle opposite the resultant: 0 2180' -60° 2120" 
We will use the Law of Cosines to find the magnitude 
of the resultant vector. 


Iv wl =(15) « (16) -2(15)(16) cos 120° 
=721 
|v + w| = 27 knots (rounded to 2 significant digits) 

Next, we use the Law of Sines to find the direction of the resultant vector 

by finding f: 
16sin120° 

27 
=0.5132 
p-23V 

The direction of this vector is 130^ - 31 2161. 


sin f = 
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47. x? -(523J «(480) -2(52.3)(48.0)cos 75.0 
-3740 
x=61.2cm 
523sin750 


612 
- 0.8281 


0255.6 
The length of the down tube is 61.2 cm and the angle between the seat tube and the down tube is 55.6". 
49. a. First we find ZABC: ZABC =180° - (52 + 65°) = 63° 


sin = 


Then we use the Law of Sines to find AC: AC = ues 
sin 63° 
=45 cm 
: : 61° -51° -78° 
b. We use the Law of Cosines to find LBCD: cos LBCD = ——_____ 
-2(51)(78) 
=0.6239 
ZBCD -5Y 
51. First we must find the distance from Cayucos to Templeton, x, using the Law of Cosines: 
x! - (12.9) +(4.61) -2(12.9)(4.61)cos 79.27 
= 165.3753 
x 212.8598 mi 
We will call the distance from Cayucos to Templeton, d. Next we find the missing angle opposite side d: 
Z.-180' - (106.1 37.8") = 36.1 
i f . . 12.8598 sin37.8° 2134 mi 
Now we can find d using the Law of Sines: sn36 T — : 
53. sin3x = ; 55. tan 3x - 1 
d or eT aka tan3x=1 or tan3x=-l 
see sot 3x = aka dec ue 
18 3 18 3 4 4 
m kra mo kx 
x =—+— x=—+— 
12 3 4 3 


: : m ka 
This can also be written as x = pt — 


6 
57. 2cos? 30 -9cos30 4 4 20 
(2cos 36 -1)(cos 30 - 4) 20 
cos30-4 20 or 2cos30-1=0 
cos30 =4 cos 30-= 
No Solution 30 = 60° + 360°k or 30 = 300° + 360°k 
6 = 20° +120°k 0 =100° +120°k 
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59, sin 40 cos20 * cos40sin20 -» -1 
sin(40 + 20) = -1 


sin - cos0 =1 
(sin@ - cos8)' 21 


sin60 - -1 sin’ 0 - 2sin0 cos0 » cos? 0 =1 
60 2 270° + 360 k 
0245 «60k 
20 =0° or 180° 
0 20' or 90° 
Both answers check. 
7.3 The Ambiguous Case 
EVEN SOLUTIONS 
2. With the ambiguous case, there may be zero, one, or two triangles that are determined. 
4. When solving the ambiguous case using the law of cosines, the first step is to solve for the missing side. This will 
result in a quadratic equation, which can be solved using the quadratic formula. 
6. Using the law of sines: 
sinB sinA 
b a 
sinB  sin30* 
40 15 
Sie po jud 
sin g - A0 sin 30 2 JA 
15 15 3 
Since sinB >1 is impossible, no such triangle exists. 
8. Using the law of sines: 
sinB  sinA 
b a 
sinB _ sin30° 
10 5 
sin B = 2 sin 30° = 2e =1 
B=90° 
Since there is only one solution (B = 90°), one triangle exists. 
10. Using the law of sines: 
sinB  sinA 
b a 
sinB  sin20* 
45 25 
Jing e 0 6156 
25 
B = 38°,142° 
Since 142° + 20° = 162° < 180°, the third angle C is possible. Two triangles exist. 
12. Use the law of sines to find B: 
sinB  sinA 
b a 
sinB _ sin43° 
37 8 
ding." 2/8049" 0.8140 
31 
B = 54°,126° 
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If B=54° , C =180°-(43°+54°) = 83° . Use the law of sines to find c: 


sinC sinA 


c a 
sin83° _ sin43° 
c 31 
rs ES ~A5 ft 
sin 43° 


If B' 2126? , C’=180°-(43°+126°) 2 11? . Use the law of sines to find c': 


sinC' sinA 


U 


c a 
sinl1° _ sin43° 
c 31 
Qucm . ld 
sin43? 


14. Use the law of sines to find B: 
sin B i sinA 


b a 
sinB  sin132.4^ 
50.2 21.3 
sinB- 50.2sin132.4 ~ 136 
27.3 


Since sinB>1 is impossible, no such triangle exists. 
16. Use the law of sines to find B: 


sing sinC 


b C 
sinB - sin 51?30' 
821 707 
sin B = 821905130 0.9088 
707 


B = 65.34° = 65°20' 
B' «114.66? = 114°40’ 
If B=65°20', A=180° -(65°20' +51°30') = 63°10’ . Use the law of sines to find a: 


sinA sinC 


a c 
sin63°10' sin51?30' 
a 707 
7 707 sin 63°10 ~ 806 m 
sin 51?30' 


If B’=114°40', A' = 180°-(1 14°40’ + 51°30’) = 13°50’ . Use the law of sines to find a’: 


sinA’ sinC 


L 


a c 
sin13°50' _ sin 51°30' 
a' 707 
T 707 sin13*50 -216m 
sin 51?30' 
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18. Use the law of sines to find C: 
sinC sinB 


c b 
sinC _ sin 25°10’ 
1.12 1.79 
SinC = 1.12sin25°10 -0.2661 
1.79 


C =15.43° =15°30' 
C' =164.57° = 164°30' 
Note this second value of C is impossible, since B+C’ =~ 189°40' > 180? . 


If C =15°30', A=180° -(25°10'+15°30') = 139°20’ . Use the law of sines to find a: 


sinA sinB 


a b 
sin139°20' _ sin25°10' 
a 1.79 
J= 1.79 sin139°20 ad Gane 
sin 25°10’ 


20. Use the law of sines to find A: 
sinA sinB 


a b 
sinA _ sin 34° 
42 42 
42sin 34? 


sin A = ———— 2 0.5592 
4.2 


A= 34° 
If A= 34°, C =180°-(34°+34°) =112° . Use the law of sines to find c: 


sinC sinB 


c b 
sinl12° _ sin 34° 
c 4.2 
bie Sende 270m 
sin 34? 


22.  Usethe law of sines to find B: 
sin B E sin A 


b a 
sinB _ sin65° 
76 71 
7.6sin 65? 


sin B = — — —— = 0.9701 
7.1 


B = 76°,104° 
If B =76°, C =180°-(65°+ 76°) = 39° . Use the law of sines to find c: 


sinC sinA 


c a 
sin39° _ sin65° 
c 7.1 
2n: Eng A9 yd 
sin 65? 
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If B' 2104? , C' 2180? - (65? 104?) 2 11? . Use the law of sines to find c': 


sinC' sinA 


, 


c a 
sinl1° _ sin65° 
c 7.1 
eas TELE «ds vd 
sin 65? 
24. Use the law of sines to find B: 
sinB  sinC 
b c 
sinB _ sin83.4° 
94.2 51.1 
sinB- 94.2 sin 83.4 ~ 1.83 
51.1 
Since sinB>1 is impossible, no such triangle exists. 
26. Drawing the figure, where b represents the desired distance: 
B 
First find C using the law of sines: 
sinC  sin65? 
120 115 
Sits MO 0.0457 
115 
C = 71.0°,109.0° 
Thus B=180°-(65°+71°)=44° or B=180°-(65°+109°) = 6° . Now find b using the law of sines: 
sin44° _ sin65° sin6° _ sin65° 
b 115 b 115 
_ U5sin44 ~ 88 ft p- ll5sinó ~13 ft 
sin65° sin 65° 
The distance between the anchor points is either 88 feet or 13 feet. 
28. Drawing the figure, where x represents the ground speed: 
N 
A 
W^ Saa E 
MS 55 
x 
Y 
S 
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Using the law of sines: 


sinf _ sin8° 
340 55 
inp 340 sin 8 
55 
sin f ~ 0.8603 


B ~59.4°,120.6° 


a ~112.6°,51.4° 
Now using the law of sines to find x in each case: 


sin51.4° _ sin8° sinl12.6° _ sin8° 
x 55 x 55 
55sin51.4° 55sin112.6? 
x = = x = = 
sin 8° sin 8° 
x = 310 mph x = 360 mph 


The ground speed (to two significant digits) is either 310 mph or 360 mph. 


30. Drawing the figure: 
N 
A 


190 
Wa E 


Uc 


Using the law of sines: 
sin sin 30* 


190 95 
sin = 2sin 30? 
sind =1 

0 =90° 


Then a =60° , so the true course is 150? from due north. 


32. Drawing a figure, where x represents the required distance: 
north 


west < 


Y 
south 
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First find @ using the law of sines: 
sina _ sin74.5° 


525 6.50 
sina = 22290 74.5" $5383 
6.50 
a= 51.1? 


Thus f =180°-(74.5°+51.1°) =54.4° . Now find x using the law of sines: 


sin54.4°  sin74.5? 
x 6.50 
ses 6.50 sin 54.4 ~ 5.48 miles 
sin 74.5° 
He will have to walk 5.48 miles back to the service station. 


34. Drawing a figure, where x represents the required distance: 
north 


west + 


south 
First find f using the law of sines: 
sinp  sin25* 
28 12 


sing = 2" 0.9861 


B = 80.4?,99.6? 
a = 74.6°,55.4° 
If a =74.6° , then: 
sin 74.6° = Č 
12 


x =12sin74.6° ~ 11.6 mi 
The shortest distance is either 9.9 miles or 11.6 miles. 


36. Since csc = Em , the equation becomes: 
sind 


2sin0-1- EC 

sing 
2sin? 0 -sin0 -1 
2sin?0 - sin -1-0 
(2sin0 +1)(sin@ -1) 20 


sings- 
2 


0 =90°,210°,330° 
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sin55.4° = Č 


12 
x =12sin 55.4° = 9.9 mi 
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38. Using the double-angle formula for cosine: 
cos20 + 3cos0 - 2-0 


2cos? 8-14 3cos0 -2-0 
2cos? 0+ 3cos0 -3-0 


-3+ 43° -4(2)C3) 32/9424 _ -3+ V33 


Using the quadratic formula with a = 2, b = 3, and c =-3: cos@= = 


2(2) 4 4 
-3-433 
—— 


-3+ 33 
4 


So either cos@ = = —2.186 , which is impossible, or cos0 = = 0.686 , which occurs when 


0 = 46.7°,313.3°. 
40. Using the double-angle formula for cosine: 


Tsin? 9 -9cos20 =0 
7sin 9-9 (1-2sin?8)-0 


7sin? 9 -9418sin? 0 -0 


25sin?0 - 9 
sin? 9 = — 
inde e 
5 5 


So either sin@ -2 , which occurs when 0 = 36.9°,143.1° , or sin@ = 3 , which occurs when 0 = 216.9°,323.1°. 


42. Substituting cos? x 2 1-sin? x: 


2(1-sin? x)-sinx=1 
2 -2sin? x-sinx=1 
-2sin? x- sinx «120 
2sin? x+sinx-1=0 


(2sinx - D(sinx 41) 20 


duse Pg 
2 


For "EM xm 4 2k or Layee .For sinx 2-1, ein) ee 
2 6 6 2 
44. Squaring each side: 
: 2 
(sinx -cosx)' =1 
sin? x -2sinxcosx 4 cos? x -1 
1-sin2x-1 
sin2x =0 


2x 2 0,z,2z,3zx 
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46. 


Since this equation was solved by squaring, these possible solutions must be checked: 
x=0: sin0-cos020-12-1 (doesn't check) 

ui . 

v 

x=: sinz-cosz -0-(-1)-1 (checks) 


M 


sin - cos 21-021 (checks) 
2 2 


x= 2m : sin = —cos da =-1-0=-1 (doesn't check) 


2 


; ; ; m : ; 
All solutions can be written in the form x = 2 2km or x2 z *2kz , where k is any integer. 


Using the law of cosines: 
b? =a’ +c? -2accos B 


19? 228? +c” - 2(28)ccos35? 
c? - (56c0s35?)c 423 - 0 


c? -45.87c +423 20 
The correct answer is a. 


ODD SOLUTIONS 


1. 
5. sin B = 


7. sinB= 


9. sin B = 


two, opposite 3. angle, reference, I, II 


bsin A 
a 
i 30sin150* P 


10 
Since sin B can never be greater than 1, no triangle exists. 


bsinA 

a 
. 20sin120° 
|. 30 
20.5774 
B=35° 


1.5 


Only one triangle is possible because there can only be one obtuse angle in a triangle. 


bsinA 
P 
. 18sin60° 
© 16 
- 0.9743 
B =7T or B'2180 -77 2103 
Since a « b, there are 2 possible triangles. 
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bsinA 


1l. sinB- 
a 
_ 54sin38° 
41 
- 0.8109 
B -54' or B' =180° -54 - 126 
Since a « b, there are 2 possible triangles. 
C =180° - (38/4 54) = 88 C'=180° - (38 4126) 216 
asinC , asinC' 
c = —— c' = —— 
sin A sin A 
E. -68f Eu -18f 
sin 38° sin 38° 
i C 2180 - (112.27 4 28. 
13. sinB- pua ( ) 
a -180'-140.3 239.7 
. 223sinl12.2 p asinC 
43.8 sin A 
-0.4714 _ 43 8sin 39.7 
sin112.2° 
B=28.1 = 30.2 cm 
There is only one triangle possible, because there can only be one obtuse angle in a triangle. 
js. sepa EE 
c 
. 425sin27°50' 
347 
=0.5719 
B =34°50' or B' 2180 - 34°50'=145°10' There are two triangles possible because c < b. 
A =180° - (34°50'+27°50') A'=180° -(145°10'+27°50') 
= 180° -62°40'=117°20' = 180° -173 =7° 
csinA , CSinA' 
a= a'= 
sinC sinC 
_ 347sin11720' _ 34Tsin 7 
sin 27°50' sin 27°50' 
= 660 m =90.6m 
17. pa RE A =180° (62:404 27710) = 90°10" 
. 348sin62'40' TM bsinA 
6.78 sinB 
-0.4560 _ §.78sin 90 10 
sin 60°40' 
C =27'10' or C'=180° -27°10' = 7.63 in 
C=2710' C'-15250' (Rounded to the nearest 10 minutes) 
This is impossible because 62°40'+152°50'> 180". 
19. sina = 2522 21. qug Ped 
. 0.92sin118* _ 2.9sin142° 
0.68 1.4 
- 1.1946 -]1.2753 
Since sin A can never be greater than 1, Since sin B can never be greater than 1, 
no triangle exists. no triangle exists. 
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bsinC 


23. sin B = 
c 
. 36.8sin26.8° 
36.8 
=0.4509 
B=26.8° 
A =180° - (26.8° + 26.8) 2126.4 
es csinA M 36.8sin126.4^ -657km 
sin C sin 26.8° 
25. sinC = an) 
a 
_ Slsin58" 
|. 44 
- 0.9637 


C=79 or C'-10r 


Only one triangle is possible because b = c. 
This is an isosceles triangle. 


B=180° -(58° 4 797) 
= 180° -137° = 43° 
44 sin 43° 
z sin 58° 
=35 feet 


27. There are two possible drawings for this problem shown 


at the right. We will find a in each case: 


_ 16sin15° 
a 

= 0.2958 
a=17 or a'=163° 


sina 


The direction of the current is @+15° =17°+15° = 327 
or a'+15° =163° +15° =178° measured for due north. 


29. sinC = In 
6 
=! 
C =90° 


This is a 30°-60°-90° right triangle. 
Therefore, x = 643 or 10 mph. 


31. sing = ede 


B=46 or B'=134° 
This is impossible 
C = 180° - (46 + 44°) = 86° 


33. We must find 0 and 0'as shown in the diagram at the right. 


care 28 sin 25 


0-80 or 6'=100° 


Next we must find the two possible angles at P: 


LP =180° -(25° + 80°) 275 
ZP' -180* -(25° +100°) =55° 


Therefore, they must head in the direction $75 E or S55'E. 
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B' =180° -(58° +101’) 
=180° -159° =21° 


= 44 sin17° 
sin58° 
=19 feet 


32 
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35. 4sin 6 -csc =0 (2sin8 - 1)(2sin0 +1) 20 


asilo c 2sin0-1-0 or 2sin0+1=0 
sind 


4sin?@-1=0, sin@«0 sind = sind => 


6 = 30° or 150° 0 = 210° or 330° 
37. 2cos0 -sin20 =0 
2cos0 -2sin0cos0 - 0 
2cos0(1-sin0) 2 0 
2cos8 =0 Or 1-sin0 =0 


cos0 - 0 sing =1 
0 = 90° or 270° 0 =90° 
39. 18sec? 0 - 17 tan0sec0 - 12 =0 12sin? 0 -17sin0 6-20 
is[ b. jeg | t ei (4sin@ -3)(3sin0 -2) -0 
cos 0 cos0 j \ cos 
18-17sin0-12cos?0 20, cos@#0 4sin0-3-20 or 3sin0-220 
18 -17sin8 - I2(1-sin^6) =0 duse dug 
4 3 
18 -17sin0 - 12 4 12sin? 0 2 0 0248.6 or131.4/ 0241.8 or 138.2° 
12sin? 0 -17sin0 46-20 
41. 2cosx-secx-tanx =0 
1 sin x 
2cosx- t = 


cosx cosx 

2cos’?x-1l+sinx=0, cosx#0 
2(1—sin? x)-1+sinx 2 0 
2 -2sin? x - 1-sinx 20 


2sin? x-sinx-1=0 
(2sinx 4 D(sinx -1) 20 


sinx-120 or 2sinx+1=0 
‘ ; 1 
sinx =1 sinx =-— 
2 
x=242kr xc laipe aE kk 
2 6 6 


This answer doesn’t check. 
43. sinx+cosx=0 
sinx =-cCosx 


sinx 

--], cosx#0 
COS X 
tan x --1 


rat and x is in QII or QIV 


x= Aka or x= Teak (This can also be written as x = Tek ) 
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7.4 The Area of a Triangle 


EVEN SOLUTIONS 

2. To find the area of a triangle given two angles and one side, first find the missing angle and then use the appropriate 
formula. 

4. To find the area of a triangle given all three sides, we can use Heron’s formula. The first step is to find the 
semiperimeter. 


6. — Heron’s formula is: $ = /s(s—a)(s—b)(s—c) , where s= 5(a+b+c) 

8. The semiperimeter is: s = Zl +b+c)= 5053+ 174 +232) = +(559) -279.5 cm 
10.  Thesemiperimeter is: s = Zl +b+c)= $(33+45 +6) = +(84) =42 yd 

12. Using the area formula: S = SabsinC = 5 (10)(12)sin150° = 30 cm? 


14. Using the area formula: S = Sacsin B = 5 (763) (42.5)sin13.6* ~ 384 m? 


16. Using the area formula: S = 5hcsinA - ; (5 6)(75.2)sin124?40' = 1,350 km? 


a^sinBsinC _ 3.7? sin57°sin31° 
2sinA 2sin 92° 


~ 2.96 m? 


18. Note that A 2180? - (57? - 31?) 2 92? . Using the area formula: S = 


20. Note that B =180° - (110.4? 31.8?) = 37.8? . Using the area formula: 


Se c? sin AsinB a 240? sin110.4°sin 37.8? 
2sinC 2sin 31.8? 
22. Note that A - 180? - (14?20' + 75°40’) = 90? . Using the area formula: 


= 31,400 in? 


Se b? sin AsinC = 7.22? sin90° sin 75°40’ 
2sinB 2sin14?20' 


=102 ft? 


24. Compute s = 5(a+b+¢) = (124234 34) = 34.5 . Using Heron's formula: 
S = Js(s-a)(s -b)(s-c) =./34.5(34.5 -12)(34.5 23) (34.5 - 34) = 66.8 in? 
26. Compute s= Zl +b+c)= ;(48 457 463) = 84 . Using Heron's formula: 
S= Js(s-a)(s-b)(s-c) = J84(84-48)(84 —57)(84 — 63) ~ 1,310 yd? 
28. Compute s= (aebec) - (83241236534) 21301 . Using Heron's formula: 
S - Js(s-a)(s-b)(s-c) = J13.01(13.01—8.32)(13.01-12.36)(13.01- 5.34) 2174 ft? 


30. Usea=24.1,b 2314, and c = 324. Compute s = s (aebec) - S(24.143144 32.4) = 43.95 . Using Heron’s 


formula: S = Js(s-a)(s -b)(s-c) =./43.95(43.95 - 24.1)(43.95 - 31.4) (43.95 - 32.4) = 355.609 in? 


Since the parallelogram consists of two of these triangles, its area is approximately 2(355.609) ~71lin2. 
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32. Note that B=180°-(25°+110°) = 45° . Using the area formula: 
Se p? sin Asin C 
2sinB 
b? sin25?sin110? 
2sin45? 
160sin45? = D? sin25?sin110? 
2 160sin45? 
~ sin25°sin 110° 
b ~ 4284.89 ~ 16.9 in. 


34. Since sint=y and cost =x: 


80- 


= 284.89 


sin? t cos? t -1 
yx =1 
x+y? =! 


The graph is a circle with center = (0,0) and radius = 1: 
y 


< - > X 
-2 2 
e pin 
Y 
36. Since cost = »-1 and sint = ra 
2 2 
sin? t +cos?t=1 
2 2 
x-3 + yal =| 
2 2 
(x-3) «(v-1f =4 
The graph is a circle with center = (3,1) and radius = 2: 
y 
A 
4 
(x- 3  (y- 19-4 
Jd 
< |» x 
6 
2+ 
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38. Since x=2tant, tant -5 . Since y=3sect , sect <3 . Therefore: 


tan? t+1= sec? t 


Wo nens 
4 9 
Y x. 
9 4 


The graph would be a hyperbola. 
40. Using the double-angle formula for cosine: y 2 cos2t =1- 2sin^t . Since x =sint , the equation is y=1 -2x°. 
The graph would be a portion of a parabola. 


42. Using the area formula: S = SabsinC = 5 (73.6) (41.5)sin22.3* - 580 mm? 
The correct answer is d. 


44.  Thesemiperimeter is: s = Zl +b+c)= E +41+28)= (86) -43 
The correct answer is c. 

ODD SOLUTIONS 

1. half, sides, sine 3. sum,two 5. s (aebec) 

7 s= Lig +b+c) 

` 2 
=~ (34445)=4(12)=6 ft 
2 2 


1 
9. s=—(a+b+c 
3 ) 


= 5.14234 3.9)=5(8.3)=4.15 m 


11. S= Zab sinC Formula for area of a triangle 
= 5 (50)(70)sin 60° Substitute known values 
= 1,520 cm? Round to 3 significant digits 
13. S= Sacsin B Formula for area of a triangle 
= ja .5)(34.5)sin151.5* Substitute known values 
-342 m? Round to 3 significant digits 
15. - Zve sin A Formula for area of a triangle 
= 5 (0.923)(0.387)sin 43°20' Substitute known values 
=0.123 km? Round to 3 significant digits 
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17. 


19. 


21. 


23. 


25. 


27. 


C =180° - (46 4 95) = 39° 
* c’ sin Asin B 
/ 2sinC 
E (6.8)! sin 46 sin95° 
" 2sin 39° 
-263m? 
C «180^ - (42.5 - 71.4) 2 66. 
s=- a^ sin BsinC 
2sinA 
a (210)! sin 71.4’ sin 66.1° 
7 2sin 42.5° 
= 28,300 in? 
B «180 - (43330-12030) 216 
" a^ sin BsinC 
|  2sinA 
D (3.48) sin16' sin120.5° 
E 2sin43.5" 
- 2.00 f£? 


1 
s=—(a+b+c 
A ) 


= (44-66 «88)- 99 


S 2 Js(s -aYs -b)(s-c) 
= 99(99 — 44)(99 — 66)(99 — 88) 
= 41,976,535 


-1,410 in? 


1 
s=—(a+b+c 
A ) 


= 5(48+63+75)=9.3 


S 2 Js(s -aYs -b)(s-c) 
= ./9.3(9.3-4.8)(9.3-6.3)(9.3-7.5) 
= 4225.99 


=15.0 yd? 


1 
s=—(a+b+c 
5t ) 


- ; 38 +3.79 € 5.22) = 6.695 


S 2 J's(s -aYs -b)(s-c) 


Formula for area of a triangle 


Substitute known values 


Round to 3 significant digits 


Formula for area of a triangle 


Substitute known values 


Round to 3 significant digits 


Formula for area of a triangle 


Substitute known values 
Round to 3 significant digits 


Formula for half the perimeter 


Substitute known values and simplify 


Formula for area of a triangle 
Substitute known values 
Simplify 

Round to 3 significant digits 


Formula for half the perimeter 


Substitute known values and simplify 


Formula for area of a triangle 
Substitute known values 


Simplify 
Round to 3 significant digits 


Formula for half the perimeter 


Substitute known values and simplify 


Formula for area of a triangle 


= 4/6.695(6.695 — 4.38)(6.695 — 3.79)(6.695 — 5.22) Substitute known values 


= 66.41 


=8.15 ft 
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29. Area of the parallelogram is twice the area of the triangle: 15 in 


Area of parallelogram = 2 5 (12)(15)sin 120 


= 156 in? 
2. . 
31. C-180'-(30 +50") 21007 gc Formula for area of a triangle 
2sinC 
pes Solve for c? 
sin Asin B 
= EOD Substitute known values 
sin 30' sin 50* 
= 205.69 Simplify 
c -14.3cm Round to 3 significant digits 
35. cos f+sin’t=1 
x (-y)’ =] 
vey =l 
The graph is a circle with center at (0,0) and radius of 1. 
37. cost-3-x sint+2=y 
cost=x+3 sint =y-2 


cos’t+sin?t =1 
(x+3) +(y-2) =1 


The graph is a circle with center at (-3,2) and radius of 1. 


39. Acott =x 4csct=y csc^t 2 cot^t +1 
x ? (xY 
cott =— csct => 2] mp +1 
4 4 4 4 
NE m 
16 16 
41. cos2t =x and COSÍ — y 
cos2t 2 2cos! t - 1 
x-22y!-1 
7.5 Vectors: An Algebraic Approach 
EVEN SOLUTIONS 
2. If a vector V is in standard position and the tip of the vector corresponds to the point (a, b), then we can write the 


vector in component form as (a,b) . The x-coordinate, a, is called the horizontal component of V, and the 


y-coordinate, b, is called the vertical component of V. 


4. A scalar is a real number. To multiply a vector in component form by a scalar, simply multiply each component by the 
scalar. This is called scalar multiplication. 

6. The opposite of a vector is a vector with the same magnitude and opposite direction. To obtain the opposite of a 
vector, multiply the vector by -1. 

8. The unit vector i points in the direction of the positive x-axis and is called the unit horizontal vector. The unit vector j 


points in the direction of the positive y-axis and is called the unit vertical vector. 


10. The magnitude of V — (a,b) = ai bj is given by Va? +b? . 
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12. Write V =(1,4). Drawing the vector: 14. Write V =(-2,5) . Drawing the vector: 


fpf —— r a er oe ee — r 
Y Y 
16. Write V= (5,-5) . Drawing the vector: 18. Write V= (-4,-6) . Drawing the vector: 
: 
y A 
y t 
T -—3À 4 —M— —À— ————— t 
= + + + + + 
Y Y 
20. Write V 25i«2j. Drawing the vector: 22. Write V 2 —6i43j . Drawing the vector: 
y y 
A A 
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24. 


28. Let V -(-9,-2) . The magnitude is given by: |V|= 4 C9» +(-27 = /81+4 - J85 
30. Let V=(-7,0) . The magnitude is given by: |V| - J(-7)^ «(0)^ =V49+0 = V/49 - 7 
32. The magnitude is given by: [U| - (15)? «(-8)^ = 4225-64 = V289 -17 
34. The magnitude is given by: |W|= JC3Y. (i) =V9+1=V10 
36. Finding the indicated quantities: 38. Finding the indicated quantities: 
Plebs (-13) ijs 
2 2 2 2 
-V =-(-2,5)=(2,-5) -V =-(-V3i- j) - 3i « j 
4V - 4(-2,5) - (-8,20) 4V - 4(-A3i- j) - -443i- 4j 
40. Finding the indicated quantities: 
U+V= (-3,5)+(3,-1) = (0,4) 
U-V=(-3,5)-(3,-1)=(-6,6) 
2U-3V= 2(-3,5) - 3(3,-1) = (-6,10) -(9,-3) = (-15,13) 
42. Finding the indicated quantities: 
U+V= (2,0)+(0,-7) = (2,-7) 
U-V - (2,0) -(0,-7) = (2,7) 
2U-3V= 2(2,0) - 3(0,-7) = (4,0) -(0,-21) = (4,21) 
44. Finding the indicated quantities: 
U+V= (-6,-3) +(-2,5) = (-8,2) 
U- V - (-6,-3) - (22,5) - (-4,-8) 
2U-3V= 2(-6,-3) - 3(-2,5) = (-12,-6) - (76,15) = (-6,-21) 
46. Finding the indicated quantities: 
U+V =(i+4j)+(7i- j) = 81+ 3j 
U-Y =(i+4j)-(7i- j) =i+4j-7i+ j=-6i+5j 
3U «2V =3(i+4j)+2(7i- j) = 3i+ 12j+14i-2j 217i 10j 
48. Finding the indicated quantities: 
U+V -2-3i«5j 
U-V --3i-5j 
3U «2V - 3(-3i) - 2(5j) - 9i - 10j 
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50. Finding the indicated quantities: 
U- V -(5i«3j)« (3i- 5j) -2i-2j 
U-V -(5i«3j) - (-3i-5j) = 5i 3j 431 5j - 8i 8j 
3U «2V -3(5i« 3j) 2(-3i- 5j) = 15i+ 9j - 6i -10j - 9i - j 


52. The vector is: U= (24 cos120?,24 sin120?) - E [-ijs S = (-124243) --]2i- 1245j 


42 v2 


54. The vector is: F = (30cos315°,30sin315°) = ia] = (1542,-15/2) = 15421 -1542j 


56. The vector is: V =(8.5cos97°,8.5sin97°) ~ (-1.0,8.4) - -1.001 84 j 
58. The vector is: V = (330c0s340?,330sin 340°) = (310,-110) = 310i - 110j 


60. — The magnitude is given by: |V| - (5) «(-5)^ = 425425 = V50 = 542 


Since tan@ = = --] and 6 lies in the fourth quadrant, 0 2 315? . 


2 
62. The magnitude is given by: |F| = (-243 ) +(2)° =V12+4 =V16 -4 
Since tan@ = Bos = -5 and @ lies in the second quadrant, 0 =150° . 


64. The magnitude is given by: |V| =4/(-1}? +(4} =V1+16 = V17 = 4.1 


Since tan@ = t - -4 and @ lies in the second quadrant, 0 =180° — tan"! (4) = 104.0°. 


66. The magnitude is given by: |F| = (-6)° «(AJ 243643 2 439 «62 
-v3 _N3 
-6 6 


Since tan0 = and @ lies in the third quadrant, 0 =180°+ tan! B ~196.1°. 


68. Write Was (0,-25) , F as (|F|cos10°|F|sin10°) , and N as (~|N|cos80°, 
0 +|F|cos10° -|N|cos 80° = 0 
-25 +|F|sin10° +|N|sin 80° = 0 
These simplify to the equations: 
|F|cos 10° -|N| cos 80° = 0 
|F|sin 10° +|N|sin 80° = 25 


N|sin 80°). Since W + F + N=0, we have: 


Solving the first equation for |F| results in |F| = Nest . Substituting into the second equation: 
cos 
[N|cos 80° 
cos] 
|N|cos80°sin 10° +|N|sin 80° cos 10° = 25 cos 10° 
[N] (sin 80° cos 10° + cos 80° sin 10°) = 25 cos 10° 
|N|sin(80° + 10°) = 25cos10° 
25 cos10? 
IN|- 90" 


+sin 10° +|N|sin 80° = 25 


= 25cos10? = 24.6 Ib 


|N|cos80° _ 25cos10°cos 80° 


Therefore: |F| Tix cos 10? 


= 25cos 80° = 4.34 Ib 
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70. Write W as (0,-58) , F as (|F|cos8.5*, 


have: 


F| sin8.5°) ,and Nas (-|N| cos81.5°, 


N|sin81.5*). Since W +F +N=0, we 


0+|F|cos8.5° -|N|cos81.5° =0 
-58 «[F| sin 8.5? +|N| sin81.5? 20 
These simplify to the equations: 
|F|cos8.5°-|N|cos81.5° 2 0 


[F|sin 8.5? -|N|sin 81.5? - 58 


: ; : : F\cos8.5° busta ces ; 
Solving the first equation for |N| results in [N| = Fer . Substituting into the second equation: 
cos 81. 
. o 2o _ |F]cos8.5° . 2 
[F|sin 8.5? + — — — —sin 81.5? = 58 
cos 81.5? 


[F|sin 8.5? cos 81.5? «|F|cos 8.5?sin81.5?? = 58cos81.5? 
[F|(sin 8.5? cos 81.5? + cos 81.5?sin 8.5?) = 58cos81.5? 
[F|sin (8.5? + 81.5?) 2 58cos81.5? 
|F| = op cosel 
sin 90° 
Tyler must push with a force of approximately 8.57 lb. 
72. Re-draw the figure as follows: 


= 58cos81.5° = 8.57 Ib 


Write W as (0,-125) , T4 as (-|Ty|cos12.5°, 
W +T; +Tp 2-0, we have: 
0 -|T4|cos12.5? «| T5|cos8.5? =0 
-125 «|T,|sin12.5? «| T5|sin 8.5? 2 0 
These simplify to the equations: 
[Tg|cos8.5? -|T4|cos12.5* =0 


|Tg|sin8.5°+|T4|sin12.5° = 125 


T,|sin12.5°) , and Tg as (|Tp|cos8.5°, 


T|sin8.5?) . Since 


[T4|cos12.5? 


Solving the first equation for |Tj| results in |T5| = "T 
cos 8. 


. Substituting into the second equation: 


|T4|cos12.5° 
cos 8.5? 
[T4|cos12.5?sin 8.5? -| TA |sin12.5? cos 8.5? = 125cos 8.5? 


|TA|(cos12.5?sin 8.5?  sin12.5?cos 8.5?) = 125cos 8.5? 
[TA|sin(12.5? « 8.5?) 2125cos 8.5? 
[T4|sin 21? 2125 cos 8.5? 


*sin8.5? «|T4|sin12.5? = 125 


ITA d 123 00582 — 345 Ib 
sin 21? 
Therefore: Ir, " 125cos8.5?cos12.5 _ 125cos12.5 ~ 341 Ib 
sin21°cos8.5° sin 21° 


The tensions at A and B are 345 Ib and 341 Ib, respectively. 
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74. The vector is: V = (12cos120°,12sin120°) = inf -5 22) - (-6,643) = -61+6V3j 
The correct answer is b. 
76. Finding the required quantity: U+2V =(3i+7j)+2(i-4j) = 3i+7j+2i-8j=5i-j 


The correct answer is d. 


ODD SOLUTIONS 
1. tail, origin 3. components 

5. length, direction 7. unit 

9. vector component, horizontal vector component, vertical vector component 

For problems 11 through 25, see textbook answer section for graphs. 

27. Let V - (-5,6) 29. Let V - (0,5) 

[V| = 5 +6? |V| = Jo? «5? 
2425436 -N25 
- J61 = 
31. Let V =(5,12) 33. IV|- N > +b? 
[V| = (5)? +12? =V +2? 
=V254+144 =v1+4 
= V169 =13 -45 
35. 5V=5(-3.7) PEU 4V =4(-3,7) 
3 7 
-(-—— =(3,-7 =(-12,28 
(-3.2) (3-7) (-12.28) 

37. SV = 5 (2i+4)) -V - (2i 4j) 4V - 4X 4j) 

=i+2j --2i-4j = 8i+16j 

39. U+V =(4,4)+(4,-4) U-V =(4,4)-(4,-4) 2U -3V -2(4,4) -3(4,-4) 
- (44,4 4 (-4)) =(4-4,4-(-4)) = (8,8)- (12,-12) 
- (8,0) - (0,8) = (-4.20) 

41. U +V -(-5,0) - (0,1) U-V - (-5,0) - (0,1) 2U -3V -2(-5,0) - 3(0,1) 
=(-5+0,0+1)) -(-5-0,0-1) - (-10,0) - (0,3) 
= (-5,1) =(-5,-1) = (-10,-3) 

43. U+V =(4,1)+(-5,2) U-V - (4,1) -(-5.2) 2U -3V =2(4,1)-3(-5,2) 
=(4+(-5),1+2) = (4 -(-5),1-2) = (8,2) - (-15,6) 
= (-1,3) =(9,-1) = (23,-4) 

45. U+V =(-i+ j)+(i+j) U-V =(-i+j)-(i+j) 3U4+2V =3(-i+ j)+2(i+ j) 
=2j =-i+j-i-j =—3i+ 3j+2i+2j 

--2i =-i+5j 

47. U+V =(6i)+(-8j) U-V =(6i)-(-8j) 3U + 2V = 3(6i)  2(-8j) 
-6i- 8j =6i+8j =18i-16j 

49. U+V=(2i+5j)+(5i+2j) U-V =(2i+5j)-(5i+2j) 3U +2V =3(2i+5j)+2(5i+2j) 
=7i+7j =2i+5j-Si-2j =61+15j+10i+4j 

=-3i+ 3j =161+19j 

Chapter 7 Page 402 Problem Set 7.5 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


51. V= (18 cos 30° ,18sin 30°) 53. W= (8 c0s270",8sin270") 


= (943,9) = (0,-8) 
= 943i 9j =-8j 
55. V=(5.8cos71’)i+(5.8sin71’) j 57. V =(0.55c0s195°)i+(0.55sin 195°) j 
=1.91+5.5j - -0.53i - 0.14 j 
59. — tan0= : -1 |u - A3 +3? 61. — tanü- = -43 IW|- J-1* « (248) 
0-45 - 049 0 =60° (in QIII) "ix 
2418 = 342 0-240 =V/4 =2 
63. — |lU||- 9 «s - V34-58 65.  |Wll- (V5) «(-2y = v9 -3 
tan@ = : and is in QI tang = = and is in QIV 
0 259.0 02318. 
67. Weare given that |W] = 8.0 pounds. 
F is a horizontal vector. N is a vertical vector. 
|F| =|W|cos75° |N| =|W|sin 75° W, N 
=8.0cos75° =8.0sin 75° 
=2.1 pounds = 7.7 pounds T 
69. We redraw the vectors and find the missing angles: 


0 290' -25.5 264.5 
H- -|H i, W=-95.5j,and T -[T| cos64.5'i «|T|sin 64.5" j 
Also, H+W+T=0 
Collecting all the i components and all the j components together, 
we have: (-|H|+|T|cos64.5°)i+(-95.5 «|T|sin64.5*)j 2 0 


Therefore, -|H|+|T|cos64.5°=0 and -95.5+|T|sin64.5° - 0 
„we get: |T|sin64.5° - 95.5 
IT| - Es 3 
sin 64.5° 
= 105.807 
We substitute this into the first equation and solve for |H| ; 


-|H| + 105.807 cos64.5° = 0 


H| = 105.807 cos 64.5° 
= 45.6 pounds (to 3 significant digits) 
71. We are given that |W] = 22 pounds. 


Solving the second equation for [T 


T, -|T,|cos30'i «| T, |sin 30" j T, =|T,|cos135°i+|T,|sin135°j 
SERERE RT Jobs tyr. 
“in «m =|T,| Hes i«[T,| E 


W = 22c0s270°1+ 22sin270' j 20i-22j 
Since T, +T, = W , we add the corresponding i and j components: 


(1) m 2 Za 


2 1 
me moo mG) 
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Solving this system using the elimination method, we get: 


4341 -22 


ds 22 or lea oe 
FEET 


2 
Substituting the value for |T,| in equation (1) we get: 


«m. m2 )-o or |= 555. -20 pound 


7.6 Vectors: The Dot Product 


EVEN SOLUTIONS 
2. The dot product of two vectors is a scalar quantity. For this reason, it is sometimes called the scalar product. 
4. To find the angle between two nonzero vectors, find the inverse cosine of the quotient of the dot product of the vectors 
divided by the product of their magnitudes. 
6. Two nonzero vectors are perpendicular if and only if their dot product is equal to zero. 
8. If a constant force F is applied to an object, and the resulting movement of the object is represented by the 
displacement vector d, then the work performed by the force is given by the dot product of F and d. 
10. Finding the dot product: (6,6) +(-3,5) =(6)(-3)+(6)(5) - -184 30 - 12 
12. Finding the dot product: (13,-8)+ (-4,-7) = (13)(-4)+(-8)(-7) = -524 56 - 4 
14. Finding the dot product: (-i+ j)«(-i- j) =(-1)(-1)+(1)(-1) 21-120 
16. Finding the dot product: (6i)+(-8j) =(6)(0)+(0)(-8)=0+0=0 
18. Finding the dot product: (5i+ 3j)+(-5i+3j) =(5)(-5)+(3)(3) 2 -25 +9 2 -16 
20. Finding the dot product: (2i+9j)+(-3i- j) = (2)(-3)+(9)(-1) 2 -6-9 =-15 
22. Finding the dot Tiu (5i-11j)- (-20i- 9j) - (5)(-20) - (-11)(9) 2 -100 - 99 = -199 
24. Using cos0 = IU W v to find the angle: 
xo. AOU — 00 
Jay +0? lo? +17? Vi6v289 
9 =90° 
26. Using cos0 = av to find the angle: 
— (4)(7)+(5)(-4) 28 -20 8 01550 
J42,32 E «(-4y. " Valves 42665 
0- i 2 
28. Using cos0 = IU to find the angle: 
sud (11)(-14)+(7)(6) _ eI94442.. __-l12 = 0.5640 
mE Jc 1 4)? 462 VI70V232 — 439,440 
0 2124.3? 
30. Compute their dot product: (1,0)* (0,1) =(1)(0)+(0)(1) =0+0=0 
Thus cos0 20,so 0 290? . So i and j are perpendicular. 
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32. Compute their dot product: (2,1)+(1,-2) =(2)(1)+(I)(-2)=2-2=0 
Thus cos0 20,so 0290? .So 2i+j and i-2j are perpendicular. 
34. Compute their dot product: (-6,-5)* (10,-12) = (-6)(10) +(-5)(-12) = -60+ 60 - 0 
Thus cos0 20,so 0290? .So -6i-5j and 10i-12j are perpendicular. 
36. Since the dot product must equal 0: (ai + bj) *(-bi+ aj) = (a)(-b)+(b)(a) =-ab * ab =0 
38. The work is: Fed = (45i -12j)- (17015155) = (45)(170) +(-12)(15) = 7,470 ft-Ib 
40. The work is: Fd - (-67i-59j)- (-96i - 28j) = (-67)(-96) + (59)(-28) = 4,780 ft-lb 
42. The work is: Fed =(-54i+0j) «(201 +0j) = (-54) (20) (0)(0) = -1,080 ft-lb 
44. The work is: Fed =(0i+39j)+(72i+0j) = (0)(72) +(39)(0) =0 ft-lb 
46. Assume U* V -0. Since U* V -|U|V|cos6 , 
thus 0 2 90? . Thus U is perpendicular to V. Assume U is perpendicular to V. Then 0 2 90? ,so cos0 20. So 
[U|| V|cos8 -|U|| V| 
48. The force vector is F = (15cos25°,-15sin25°) and the direction vector is d = (52,0). 
The work is: F +d = (15c0s25*,-15sin25?)* (52,0) = 780cos25? = 710 ft-Ib 
50. The force vector is F = (25c0s30?,25sin 30°) and the direction vector is d = (350,0) . 
The work is: F +d = (25 cos 30°,25 sin 30°) e (350,0) = 8750 cos 30? = 7,600 ft-lb 
Uv 
|U||V| 
m UCD) E NDA NL 
P47? dJe +(-4} V58V17 4986 
0 - 142,8? 
The correct answer is b. 
54. The work is: Fed = (15i-9j)+(80i+ 12j) = (15)(80)+(-9) (12) = 1,092 ft-lb 


The correct answer is c. 


Ulv| cos0 2 0 . Since U and V are nonzero vectors, cos@ =0 and 


*020,so U*V -0. This proves both directions of the theorem. 


52. Using cos0 = to find the angle: 


ODD SOLUTIONS 
1. multiply, add 3. magnitudes, cosine 
5. orthogonal 7. | projection, onto 
9. (3.4)*(5.5) = 3(5)+4(5) 11. (-23,4)* (15,-6) = -23(15)+ 4(-6) 
215420235 2-345 -24 = -369 
13. U*V =1(1)+1(-1) 15. UeV=-3(0)+0(5) 
21-120 204020 
17. U.V =2(5)+5(2) 19. UsV=-4(-1)+(-3)(-2) 
=10+10=20 =4+6=10 
21. U.V =-11(9)+7(-5) 
=-99 -35 = -134 
23. First, we find U-V,|U|, and|V| : 
U-V =(13,0)+(0,-6) |U| =13 and|V| - 6 coe MN 
UV) 136) 
= 13(0)+0(-6) =0 0 =90.0° 
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25. 


27. 


29. 


31. 


33. 


35. 


39. 


43. 


45. 


First, we find UeV,|U 


,and|V|: 


U-V =(-3,5)+(6,3) [U| - J(-3) «5? and |V| 2 J6? +3? 


= -3(6) + 5(3) = -3 249425 = 434 24/3649 - J45 


0 294.4 


First, we find UeV,|U 


,and|V| : 


U-V =(13,-8)+ (2,11) [U] = 413 « (-8)* and |V|- v2 +11? 
=13(2)+(-8)(11) = /169 64 = 4233 - 4 «121 = V125 


= 26-88 =-62 
UV. 2 
|u|V| 2334125 


0-2111.3 
To show that i and j are perpendicular, we must show that their dot product equals zero. 


i - (1,1) and j= (1.-1) 

iej =1(1) + 1(-D 21-120 

Therefore, they are perpendicular. 

To show that — i and j are perpendicular, we must show that their dot product equals zero. 
-i = (-1,0) and j = (0,1) 

-i-j =-100)+0(1) =0 

Therefore, they are perpendicular. 

To show that i and j are perpendicular, we must show that their dot product equals zero. 


i = (-4,-3) and j= (6.-8) 
iej =-4(6)+(-3)(-8) 2 224 424 20 
Therefore, they are perpendicular. 
(a,6)* (9.12) 20 37. Work=Fed 


9a+72=0 = (22,9)- (30,4) 


cos = 0.3633 


9a 2-72 = 22(30) +9(4) = 696 ft-lb 


a=-8 
Work = Fed 41. Work = Fed 


= (-6,19)+ (8,55) = (85,0)+(6,0) 
= —6(8) + 19(55) = 997 ft-lb = 85(6)+0(0) = 510 ft-lb 
Work = Fed 
= (0,39)- (72,0) 
= 0(72)+39(0) 2 0 ft-lb 
Let U =ai+bj and V =ci+dj 
Then U-V=(a-c)i+(b-d)j 
|U-V|’ 2(a- c «(b - ay 
24^ -2acc^ «b? -2bd «d 
(1) =a «b +° «d? -2(ac bd) 
Using the Law of Cosines, we also have: 
(2) [U - V}? =U} +V}? - 2|U| V|coso 
We know that juj? =a’ +b’, MI 2c +d and UeV 2 ac bd 
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47. d= (75,0) 
F = (41cos 20°, 41 sin 20°) = (38.53,14.02) 
Work = Fed 
= (75,0)* (38.53,14.03) 
= 75(38.53)+0(14.02) = 2,900 ft-lb (rounded to 2 significant digits) 
49. d= (I 10,0) 
F = (85c0515*,85sin15*) = (82.10,22.00) 
Work = Fed 
= ( 10,0). (82.10,22.00) 
=110(82.10)+0(22.00) = 9,000 ft-lb (rounded to 2 significant digits) 
Chapter 7 Test 
1. Using the law of sines to find b: 
b a 
sinB sinA 
b _ 38 
sin70°  sin32? 
beg on dn. 
sin 32? 
2. First note that C 2180? - (38.2? + 63.4?) = 78.4? . Using the law of sines to find a: 
a ¢ 
sinA sinC 
a | 420 
sin38.2° sin 78.4? 
PE 42sin38.2 = 26.5 cm 
sin 78.4° 
Using the law of sines to find b: 
b c 
sing sinC 
b 420 
sin63.4?  sin78.4? 
prune ose 
sin 78.4? 
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Substituting these values into (2), we get: 
(3) [U- V|? =a? +b? «c? +d’ - 2|U|| V|cos8 
Setting (1) equal to (3) and simplifying, we get: 
a^ +b’ «c! «d^ -2(ac* bd) =a’ & b^ «c? «d^ -2|U|| V|cos8 
-2(ac + bd) = -2|U||V|cos0 
ac * bd -|U||V|cos8 
U-V -|U||V|cos8 


Chapter 7 Test 


O 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


3. First note that B =180°-(24.7°+106.1°) = 49.2? . Using the law of sines to find a: 


a b 
sinA sinB 
a | 340 
sin24.7? sin49.2? 
ae 34 sin 24.7? -18.8 cm 
sin 49.2? 
Using the law of sines to find c: 
c b 
sinC sinB 
c 34.0 


sin106.1°  sin49.2? 


ac 34 sin106.1 cios 
sin 49.2° 


4. Finding c using the law of cosines: 
c? 2 à? +b? -2abcosC -10? +127 -2(10)(12)cos165° = 475.8 
ce 44158 «22 cm 
3. Finding C using the law of cosines: 
c? =a? +b? -2abcosC 
9? 5? +7? -2(5)(7)cosC 
81=74-70cosC 
7 =-70cosC 
cosC =-0.1 
C =95.7° 
6. Finding c using the law of cosines: 
c? 2 à? +b? -2abcosC =6.4* «2.8? -2(64)(2.8)cos119? ~ 66.176 


c= V66.176 2 8.1 m 


Finding A using the law of sines: 


a = Cc 
snA sinc 
64 81 
sinA sin119° 
idee OE Quan 
8.1 
A= 44? 
Finally B 2180?- (44° +1 19°) z17*. 
7. Finding a using the law of cosines: 


a? - b? «c? -2bccos A = 372 «6.2? -2(3.7)(6.2)cos35° ~ 14.547 


a-214.547 = 3.8 m 


Finding B using the law of sines: 


b E^ 

sinB sinA 
3.7 38 
sinB  sin35? 


sin g = 279035" 10 5585 
3.8 


B = 34° 
Finally C =180° - (35? 4 34?) =111°. 
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8. Finding B using the law of sines: 


a b 
sinA sinB 
12 42 
sin60° sinB 
42 sin 60? 


sin B = ———— = 3.031 
12 


Since -1 < sin B x1 , this is impossible. No such triangle exists. 


9. Findng B using the law of sines: 
a b 
snA sinB 
29 21 
sin42? sinB 
21sin42? 


sin B = — — —— = 0.4845 
29 


B = 29°,151° 
But B=151° is impossible, since 151° + 42° = 193° > 180°. So B=29° is the only possible value of B, thus exactly 
one triangle exists meeting the specified conditions. 
10.  Findng B using the law of sines: 


b a 

sinB sinA 

79 65 

sinB sin51° 

anpa eer gius 

6.5 
B=71°,109° 
If B=71°, C =180°-(51°+71°) =58° . Finding c using the law of sines: 

c a 


sinC sinA 


c _ 65 
sin58?  sin51? 
" OON 271f& 
sin 51? 
If B' 2109? , C' 2180? -(51? 109?) 2 20^ . Finding c' using the law of sines: 
xi d 
sinC’ sinA' 
e i. 63 
sin20? sin51? 
b Sane -29 ft 
sin 51° 


11. First note that C 2180? —38.22-634? 2 78.4° . 


e " 25.1 ou: o 

42.0 38 2?sin63.4 

Using the area formula: $ = ene = ( SE = ~ 498 cm? 
2sinC 2sin 78.4? 


12. Using the area formula: S = SabsinC = 5 (10)(12)sin165° ~16 cm? 


13. Compute s = Zl +b+c)= ;G +7+9)=10.5 . Using Heron's formula: 


S= fs(s-a)(s-b)(s-c) = J10.5(10.5 - 5)(10.5 - 7)(10.5 -9) «17 km? 
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14. 


Drawing the figure: 


48 cm 
Finding A using the law of cosines: 
a? =b? +c? -2bccosA 
38? = 38? «48? -2(38)(48)cos A 
1444 = 3748 - 3648 cos A 
-2304 = -3648 cos A 
cos A = 0.6316 
A = 51° 
The two equal angles are approximately 51°. 
15. Drawing the figure: 
h 
" 
240 
Note that œ 2180? - (43? 116?) 2 21? . Find x using the law of sines: 
x 240 
sin43?  sin21? 
ge Se ase ah 
sin21° 
Therefore: 
sin 64° = 2 
456.74 
h = 456.74sin 64° = 410 ft 
The building is approximately 410 feet tall. 
16. Draw the figure, where x represents the length of the shorter side: 
X 
Find x using the law of cosines: 
x? 2134? 4197? —2(13.4)(19.7)cos45.5° ~ 197.60 
x 24197.60 «14.1 km 
The length of the shorter side is approximately 14.1 km. 
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17.  Re-draw the triangle to find angle C: 
3964.55 
D C 


3960 


Finding D using the law of sines: 
3,960 3,964.55 
sinD  sin90.8° 

3,960 sin 90.8? 


sin D = = 0.9988 
3,964.55 
D = 87.14° 
o o o o : : o T 2.067 ; 
So C =180° -(90.8° +87.14°) = 2.06° . Converting to radians: C = 2.06° = —— radians 
180° 180 
The arc length is given by: s 2 rC 2 3960* 200 = 142 miles 
18. Drawing the figure, where x represents his distance from the starting point: 
th 
xin 
west + > east 
ge QT 
Y 
south 
Re-draw the triangle: 
Use the law of cosines to find x: 
x? 222? «33? —2(2.2)(3.3)cos 99° 218.00 
x =¥V18.00 = 424 mi 
Use the law of sines to find 0: 
22 4.24 
sinO sin 99? 
sing 225099" 0.5125 
4.24 
0231? 
He is approximately 4.2 miles from his starting point, with bearing S 75? W. 
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19. 


Drawing the figure, where d represents the required distance: 


d 
Note that 0 = 180? - (37? - 47?) 2 96^ . Finding d using the law of cosines: 


d? - 56? «65? -2(56)(65)cos96? = 8,121.97 


d 2 48,121.97 «90 ft 


The stakes are approximately 90 feet apart. 


20. Drawing the figure, where P represents the plane, T represents the true course, and x represents the ground speed: 
th 
n 
west < 
Y 
south 
Using the law of sines to find the angle at T: 
345 _ 55 
sinT  sin5.5? 
Sip SPO Os 206015 
55 
T = 36.96°,143.04° 
If T 2 36.96? , P -180? - (36.96? +5.5°) ~ 137.54° . Finding x using the law of cosines: 
x? = 345° 455? -2(345)(55)c08137.54? ~ 150,047 
x 24150,047 = 387 mph 
If T 4143.04? , P 2180? — (143.04? + 5.5?) ~ 31 46? . Finding x using the law of cosines: 
x? = 345° 455? -2(345)(55)cos 31.46? = 89,678 
x 24/89,678 = 299 mph 
The possibilities for the ground speed of the plane are 299 mph or 387 mph. 
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21. 


Drawing the figure, where x represents the distance from the first person to the tree: 
north 


A T 


west < 
M 
south 
Note that T =180° - (42? - 52?) ~ 86° . Finding x using the law of sines: 
Xr o A22 
sin52?  sin86? 
cens 095 8 
sin 86° 


Now consider the triangle where h represents the height of the tree: 


h 
T 
19.75 ft 
Since this is a right triangle (we are assuming the tree is vertical): 
tan 73° = ES 
19.75 


h =19.75 tan 73° = 65 ft 
The tree is approximately 65 feet tall. 


22. Drawing the figure, where P represents the plane and W represents the wind: 
north 
A 
425 mph P 
" 2.4° 
west æ a > east 
LN 
65.4 mph 
Y 
south 
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The plane and wind vectors are given by: 
P = (325 cos2.4°,325sin2.4°) 


W = (-65.4cos7.4°,-65.4 sin 7.4?) 
Adding results in: P+W = (259.86,5.19) 


The magnitude is given by: |P+ W| = ¥259.867 45.19? ~ 260 mph 


The direction is given by: 0 = tan! Hue ~1.1° 
259.86 


The ground speed is approximately 260 mph and the true course is 88.9? from due north. 


23. Finding the magnitude: |U| = 5? +12? = /25 +144 = J169 =13 
24. Finding the vector: 3U - 5V = 3(5i+12j)-5(-4i+ j) =15i+36j+20i-5j - 35i 31j 
25. First find the vector: 2V -W = 2(-4i+ j) -(1- 4j) =-8i+2j-i+4j=-9i+6j 


Therefore: |2V - W| = JC9*? +6? 2 481436 2 A117 
26. Finding the dot product: U +W =(5)(1)+(12)(-4) 2 5 - 48 = -43 
27. Since U+» V =|U||V|cos@ , we have: 
U. V -|U||V|cos8 


(5)(-4)+(12)(1)= V5? +127 4(-4^ +1? cose 
-20412 = 4169417 cos@ 
-8 = 42873 cos0 


= —0.1493 


-8 
cos = Jos 
0 = 98.6? 
28. The vector is: V = (38c0s290*,38sin 290°) = (13,-36) = 13i - 36j 
29. Since the dot product must be 0: 
(5i«12j)- (4i 5j) 20 
20 412b 20 
12b = -20 


30. The work is: F+d =(33i- 4j). (56i+10j) - (33)(56)  (-4)(10) = 1,808 
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Chapter 8 
Complex Numbers and Polar Coordinates 


8.1 Complex Numbers 
EVEN SOLUTIONS 


2. When writing the square root of a negative number in terms of i, we usually place i after the coefficient but in front of 
the radical. 


4 The product of any nonzero real number and i is called an imaginary number. 

6. For any complex number a + bi , a is called the real part and b is called the imaginary part. 

8. To add or subtract two complex numbers, simply combine like terms. 

10.  Todivide complex numbers, multiply the numerator and denominator by the complex conjugate of the denominator. 
12. This statement is true. 14. This statement is false. 

16. Writing in terms of i: 4-64 2 iJ 64 = 8i 18. Writing in terms of i: 4-225 - i225 «15i 

20. Writing in terms of i: /-48 2 iN48 = 4iJ3 22. Writing in terms of i: 4-217 AOT 


24. Simplifying: 4-25 «4-36 = i25 - i436 = 5i- 6i = 30i? = -30 
26. Simplifying: V-16 + V-49 =iV16 «i /49 = 4i. 7i 228i? = -28 


28. Setting the real parts equal: Setting the imaginary parts equal: 
10y 2 -5 
-x22 x 
2 y ! 
x=- mc 
2 
30. Setting the real parts equal: Setting the imaginary parts equal: 
2 6- 
x" -6=x y? 29 
2 - 
x“ -x-6=0 e J9 
(x-3)(x+2)=0 "m 
x=-2,3 
32. Setting the real parts equal: Setting the imaginary parts equal: 
sin x --cosx 
cosy --1 
tanx =-1 
=I 
_3n Ta . 
4'4 
34. Setting the real parts equal: Setting the imaginary parts equal: 
cos? x12 2cosx 
cos? x-2cosx 4120 
tany--1 
(cosx - 1)? =0 3x Ta 
cosx = 1 ? 4'4 
x20 
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36. Combining the numbers: (3-5i)«(-2-4i) =1-9i 

38. Combining the numbers: (6+ 7i)-(4-i)=6+7i-4+i1=2+8i 

40. Combining the numbers: (7 -3i) -(-4+10i) = 7 - 31+ 4 -10i =11-13i 

42. Combining the numbers: (2cosx -3isin y) * (3cosx - 2isin y) = 5cosx - 5isin y 
44. Combining the numbers: [(4-5i) «(2«1)]- (245i) =4-5i+2+i-2-5i=4-9i 
46. Combining the numbers: 


(10 -2i) - (2-62) - (3- i)] 


4 
48. Computing the power: prerai] ei=lei=i 


(10 -2i) -(2 + 6i-3+i) =(10 -2i) -(-1 7i) =10-24+1-7i=11-9i 


5 
50. Computing the power: i? = i7° «i? -(i*) “i = 1-(-1)=-1 


7 
52. Computing the power: a -(i*) =] 


54. Computing the power: i? =i% «i? = i" 42. icl. (-1)*i 2 -i 

56. Computing the product: 5i(3 4i) = 15i 20i? 215i -20 2 20 415i 

58. Computing the product: (-3+ 3i)(-2+9i) 26 - 27i - 6i 4231 =6-33i-27 221533] 

60. Computing the product: (4 ny - (4 7i)(4 4 7i) 216 + 28i - 28i 449i? 2164. 56i - 49 =-33+456i 
62. Computing the product: (2+ 6i)(2-6i) =4 -12i «12i - 36i? =4 +36 - 40 

64. Computing the product: (37i) (3- 7i) 29 - 21i 21i -49i? 29449 =58 

66. Computing the product: 4i(1- iJ" = 4i(1- i)(1- i) = 4i(1- i-i) = 4i(1-2i-1) = 4i (22i) - -8? =8 


3i 2«i 6i«3/^ 61-3 -3«6i 3.6. 


68. Finding the quotient: - - =-—+—i 

2-i "26i 4-i? 441 5 5 5 

jh i2 

70. Finding the quotient: 342i 342i 9412i« 4i 9412i-4 54121 5 2; 

SED 3+2i 9 - 4i? 944 i 43° B 

bie Sear and 3 
72. Finding the quotient: E ge S0.» 
-i i -i 

J4. "Piudihgthe quotient 21i 546i | 10«17i 6i .10417i-6 4417i 4 ,U; 


5-6i 546i  25-36i? 25436 61 61 61 
76. Computing the value: zz =(2-3i)(2+3i) -4-9i? 2 449 =13 
78. Computing the value: z4z; =(4+5i)(2+3i) =8+22i+15i? =8+22i-15 =-7+22i 
80. Computing the value: 3z; +2z) = 3(2+3i)+2(2-3i)=6+9i+4 -6i 210 - 3i 
82. Computing the value: 
23 (2-22) = (4 +5i)[(2 + 31) -(2-31)] - (4 € 5i)(2 + 3i -2 + 3i) - (45i) (67) = 24i + 3077 - -30 24i 


84. Computing the product: (x -4i)(x+4i) = x? -16i? =x* +16 
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86. 


88. 


90. 


92. 


94. 


96. 


Substituting x =3+2i into the equation: 

x? -6x413- (3«2i? -6(3+2i)+13 
-9412i «4i? -18-12i413 
-9412i-4-18-12i4«13 
=(9-4-18413)+(12-12)i 


=0 
Substituting x =a—bi into the equation: 


x? -2ax (a? «b =(a-bi)” -2a(a -bi)+ (a? +b?) 
=a’ -2abi« b? i? -2a? +2abi+a? +b? 
-a? -2abi -b? -2a? «2abi «a? +b* 
-(e “$707 +a? eb? e (-2ab «2ab)i 
=0 
Solving x-y 210 for x yields x 2 y+10 . Substituting into the second equation: 
xy 2-40 
(y+10)y= -40 
y? +10y - -40 
y? 410y +40 =0 
Using a = 1, b = 10, and c = 40 in the quadratic formula: 


-10 +10? -4(1)(40) -10+ 100-160 _-10+V-60 _ -10+2iv15 ee 


"T 2(1) 2 2 2 
If y=—S+ivis , x=(-5+ivI5)+10=5+ivI5 . If y=-5-iV/15, x=(-5-ivi5)+10 =5-ivI5 . 
The solutions are (5+ivi5,-5+ivi5) and (5-iV15.-5- i15). 


Solving 3x * y 2 6 for y yields y= 6 -3x . Substituting into the second equation: 
xy =9 
x(6-3x)=9 


6x-3x? =9 
3x7 -6x+9 =0 
x?-2x43-0 
Using a = 1, b 2-2,andc = 3 in the quadratic formula: 
2 
-(-22)e«4(-2) -4()(3 22J4-12 22V-8 22z2i4/2 ,. 
y- = = = =1+iV2 
2(1) 2 2 2 
Substituting each value to find y: 


x=1+iv2: y=6- 3(1+iv2) = 6239-32331 
xen: y=6-3(1-iV2) = 6-34 3iV2 233i 42 
The solutions are (1+iv2,3- iv?) and (1 1-42. 2,343i 42). 


Let z=a+bi , so the conjugate is Z =a—bi. The sum is given by: z*z =(a+bi)+(a—bi) - 2a 
Thus the sum z+zZ is areal number. 


If x = -8 and y = -15, r -4( -8 -15)° 2464 +225 2 4289 =17 . Therefore sing =2 =—2 and can eae 
F 


17 
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98. 


100. 


102. 


104. 


106. 


If sin0 = - and 0 terminates in quadrant III, 0 2 210? . 


First note A — 180? — (24.2? € 63.8?) =92.0° . Find a using the law of sines: 
a b 


sinA sinB 
a 5.92 


sin92* sin24.2° 
_ 592sin92^ 
J sin242? 
Find c using the law of sines: 
c b 


= 14.4 inches 


sinC sinB 
c 5.92 


sin63.8*  sin242? 
c= REALM = 13.0 inches 
sin 24.2° 
Find A using the law of sines: 
a b 
sinA sinB 
625521 
sinA  sin32.8? 
dnt 52 DO AP. o eds 
521 
Ax 40.5?,139.5? 
If A = 40.5*, C 2180? - (40.5? + 32.8?) 2106.7? . Find c using the law of sines: 


c b 
sinC sinB 
c 521 


sin106.7° sin32.8° 


P 521sin106.7 ~ 921 ft 
sin 32.8° 


If A'=139.5°, C’=180° - (139.5? - 32.8?) =7.7° . Find c' using the law of sines: 
c b 


sinC' sinB 
ge = 521 


sin7.7°  sin32.8? 
Tu 521sin 7.7 2129 ft 
sin 32.8? 


Simplifying: [(8 +5i) -(4 -2i)]+(-6 + 3/) =(8+5i-4 +2) «(-6 3i) - (4 7i) + (-6 3i) 2 2 «10i 
The correct answer is d. 
542i 4+3i_20+23i+6i° 20«23i-6 144231 14 ND 


4-3i 4+3i 16-9? 16+9 25 25 25 
The correct answer is c. 


Finding the quotient: 
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ODD SOLUTIONS 


1. imaginary unit 3. negative, before 5 sum 
7. real, imaginary 9. conjugate, real 
11. a. ii b.i c. iv d.ii 13. true 
15.  V-16 =iv16 57. V-121 =iv121 19. -J-18 =ivi8 
- 4i =11i -3i42 
21. V-8 =iv8 23. V-4V-9 =iV4iV9 25. V-IV =i-iV9 
-2iJ2 -2:3.) -3i 
=6(-1)=-6 = 3(-1) =-3 
27. 4=6x and 72-14y 
4 2 7 1 
X2—2— y=-— =- 
6 3 14 2 
29. x!-2x-8 and y =2y-1 31. cosx=sinx and siny=1 
x!-2x-8-0 0-y-2y4l jus y-i 
COS X 2 
(x-4)(x+2)=0 0 =(y-1)(y-1) tanx =1 
x-4=0 or x+2=0 O=y-l xum eee 
4 4 
x=4 or x=-2 y-l 
33. sin^x-2sinxel-0 and tany=1 
T 5a 
sinx - D(sinx-1) 20 =— or — 
( X ) 5 A 
sinx-120 
sinx =1 
m 
x=— 
2 
35. 7] -2i* 3-4i 210 -2i 37. (542i) - (3461) 2 5 4 2i - 3- 6i 
=(5-3)+(2-6)i 
=2-4i 
39. (11-67) -(2-4i) =11-6i1-2+4i 41. (3cos x * Aisin y) * (2cosx - 7isin y) 
=(11-2)+(-6+4)i =(3cosx+2cosx)+(4siny—7sin y)i 
=9-2i =5cosx-3isiny 
43. [(3+2i)-(6+i)]+(5+i) =342i-6-i4+5+i 
=(3-64+5)+(2i-i+i) 
=2+2i 
45. (7 -4i) -[(-2+i) -(3+7i)| 27 - 4i - (24i - 3-71) 
=7-414+2-i+34+7i 
=12+2i 
4.  i"-(i)-r-1i 4. — i5-(i*y-P so Pe 
=1(-i) =-i =1° (-1)=-1 
53. i? -(i*y i 55. -6i(3- 8i) = -181 + 487 
=1°-i=i = -18i - 48(-1) =-48 -18i 
57. (2-4i)(3+i) 2 642i -12i - Ai? 59. (3-2iy -9-12i «4i 
26-10i-4(-1) 29-12i-4(-1) 
=6-10i1+4 210-10; 29-12i-4-25-12i 
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61. (445iY4-5i) =16 -257 63. (7 +2i)(7 -2i) = 49 - 4i? 


-16-25(-1) -49-4(-1) 
216425241 24944253 
65. 3i(1+i) 23i(14 2i +i’) 
=3i+6i° -3i 
=6(-1)=-6 
; s E E s r E 
67. 2i .3-i 6-2i 69. 243i 243) 44121491 
3«i 3-i 9-77 2-3i 2+3i 4-977 
_ 6i-2(-1) _4+12i-9 
9-(-1) 4-(-9) 
2+6i 1 3, -5 «12i 5 12. 
= =—+>i = ——_ =-—+— 
10 5 5 13 13 13 
i 46 E 22 , i à 2 
71. 5-2i i. 5i-2i 73. 5+4i 3-6i  15-18i-24i 
i i P 346i 3-6i 9 -36i 
_ 5i-2(-1) . 15-18i «€ 24 
-1 9 -(-36) 
.2*5i 45; .39-18i 39 18 
-1 45 45 45 
24224 
15 5 
75. Zzz,-(2-3i)2-3i) 77. ZZ; =(24+ 31)(4+5i) 
24-98 -28422i«15i? 
=4-(-9)=13 =8+22i-15 =-7+22i 
79. 2z, + 3z, =2(2 + 3i) + 32 -3i) 81. 23(Z,+Z,) = (44+51)[(2+ 3i) + (2 -3i)] 
=4+6i+6-9i =(4+5i)(4) 
=10-3i =16+20i 
83. (x + 3i)(x - 37) = x! -9i 
=x +9 
85. x! —4x4+13=(243i) -A(2. 37) +13 87. x! -2ax * (a? +b’) 
-4412i49i? -8-12i 413 - (a biy -2a(a- bi) «a? «b? 
24412i-9-8-12i 13 =a’ «2abi  b/i? -2a? -2abi «a? +b’ 
=0 -b(-D«P =0 
89. If x+y =8, then y28-x. Substituting this into the second equation, we get: 
x(8 — x) = 20 
8x-x? =20 
x!-8x420-20 wherea=1,b=-8,andc=20 
xj — 2 
x= ESPERA x 20020) Now, we find the corresponding y-values: 
SSE — If x - 442i, then y -8-(442i) - 4-2i 
8+4i . ; : ; 
E 5 =4+2i If x=4-2i, then y 2 8-(4-2i) 2 42i 
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91. If 2x+y=4, then y=4-2x. Substituting this into the second equation, we get: 


x(4-2x)=8 
4x-2x! =8 


2x? -4x4+8=0 or x°-2x+4=0 wherea=1,b=-2,andc=4 


ye De v(-2)° -40)4) 


2() 


_2Qav-12 


2 


_2#2iV3 5 


2 
93. (a4 bia -bi)2a) -p^i? 
=a -b’(-1) 


2 2 
=a +b 


Now, we find the corresponding y-values: 
If x=1+iv3,then y=4-2(1+iV3) 22-2iN3 . 


If x=1-iV3,then y=4-2(1-iV3) =242iN3 . 


This is a real number. Therefore, the product of a complex number and its conjugate is a real number. 


95.  r-J* «(Ay sind =- 


- 25 -5 cos == 


97. 6 = 45° and is in QU 
6 =180° —45° =135° 


99, a 2b! +c’ -2bccosA sinC = em 
a 
= 243? 4157? -2(243)(157)cos 73.Y = aa = 0.6057 
=61,517 C=373° 
a=248 cm B=180° - (73.1 +37.3°) = 69.6" 
2 2 2 " 
101. e dud e ug LME 
2ab c 
2 2 2 . o 
» 42.1^- 56.8 -63.4 -0.2047 : 56.8sin 78.2 -08770 
2(42.1)(56.8) 63.4 
C=78.2° B=613° 
A=180° -(78.2° +61.3) 2 40.5 
Chapter 8 Page 421 Problem Set 8.1 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


8.2 Trigonometric Form for Complex Numbers 


EVEN SOLUTIONS 

2. The graph of the complex number a + bi is a vector that extends from the origin to the point (a, b) in the complex 
plane. 

4. The argument of a complex number z is the smallest positive angle from the positive real axis to the graph of z. 

6. When we write z 2 rcis0 , r is the modulus of z and 0 is the argument. 

8. To convert a complex number z 2 x * yi from standard form into trigonometric form, use the relationships 


r- 4x? + y? and tan =~ , keeping in mind the quadrant that the graph of z lies in. 
x 


10. The absolute value is given by: |1-i| = AH + (ay? = 112 V2 . Graphing the complex number: 
y 


Y 
12. The absolute value is given by: |-4 +3i| = 4C4Y. +3? 2 41649 - 425 =5 . Graphing the complex number: 
y 
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14. The absolute value is given by: | 4i| = yo? P Lm J0+16 =V16 =4. Graphing the complex number: 


y 


4i 


16. The absolute value is given by: [2| - 42? +0? = 4440 2 44 =2. Graphing the complex number: 


y 
A 
| 2 
<- + + + + + — + + —P y 
Y 
18. The opposite is -2-i and the conjugate is 2- i: 20. The opposite is —4i and the conjugate is —4i : 
y y 
y l 
T 4i 
i 2+i 
too 
uf. 
= + + + + + (iz lh + + +> x -~ + + + + + + + + + e x 
-2-i | 2-i i 
t i 
Y | 
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22. The opposite is 3 and the conjugate is —3: 24. The opposite is 2+5i and the conjugate is -245i: 
y y 
A A 


43. 1 


26. Writing in standard form: 4(cos 30° + isin30?) = 4 E + E -245 «2i 


box3. 


28. Writing in standard form: 8 (cos = +isin 2z) =8 - + 5 j --444i 43 


2 


30. Writing in standard form: 1cis240? = cos240? + isin 240° = -F - 5 
32. Writing in standard form: V2 cis TH 3 {cos S dans J- bd i)=1-i 
4 4 4 Mae da 


34. Writing in standard form: 5(cos 70? + isin 70?) =(5cos 70°) +(5sin 70°)i «1.714 4.70i 
36. Note these are radian angles. Writing in standard form: 50(cos3-isin3) = (50cos 3)+(50sin3)i =~ -49.50 + 7.06i 
38. Writing in standard form: 2cis261° = 2(cos261°+isin 261°) =(2cos261°)+(2sin261°)i « -0.31-1.98i 
40. Note these are radian angles. Writing in standard form: 
10cis5.5 = 10(cos5.5 +isin5.5) =(10cos5.5)+(10sin5.5)i = 7.09 - 7.06i 
42.  Sketching the graph: 


Y 
Here x = 1, y= 1, and r2 NY «1? =V14+1 = V2 . Since tang - 21, 0-45*. 
X 


So the trigonometric form is 1+i = v2 (cos45°+isin 45°) = 12 cis 45° = V2 cis z ; 
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44. Sketching the graph: 


Y 
Here x 2 -1, y = -1, and rA (-1Y «(71 = J1«1 - 42 . Since und - 2-721. 0-2225*. 
X 


So the trigonometric form is -1-i- V2 (cos225? + isin225?) = V2 cis 225° = V2 cis i . 


46.  Sketching the graph: 


Here x = 5, y = 5,and r2 N52 4 5? 2 425425 - 450 - 542 . Since nó -2- 2-1 0-45?. 


So the trigonometric form is 54 5i = 542 (cos 45? & isin45?) = 54/2 cis 45? = 542 cis z f 
48. Sketching the graph: 


Here x = 0, y = 8, and r= x0? +8? = v0 +64 = 464 =8 . Since tan@ is undefined, 0 = 90° . 


So the trigonometric form is 8i = 8(cos90°+isin90°) = 8 cis 90? =8 cis 7 7 
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50. Sketching the graph: 


Y 
Here x = 2, y 20, and r 2 42? +0? =V4+0 =V4 =2. Since tand=5=0, 0-0?. 


So the trigonometric form is 2 = 2(cos0? +isin0°) 2 2 cis 0* 22 cis 0. 
52.  Sketching the graph: 


Y 
2 
Here x2 2243 , y 22, and r= (-2v3) 42? =/12+4 - 416 - 4 . Since tan = ae 6 =150°. 


So the trigonometric form is -2V3 +2i = 4(cos150°+isin150°) = 4 cis 150° = 4 cis i ; 


54. Herex=5,y= 12, and r-N5? +12? = ¥254+144 = 4169 =13 . Since nó == in quadrant I, 


0 = 67.38? . So the trigonometric form is 5 +12i =13(cos67.38° +i sin 67.38°) =13 cis 67.38° . 
56. Here x =-8, y=-15, and r=/(-8)° «(-15)^ = 464225 = V289 =17 . Since tan8 = I in quadrant III, 


0 =180° + 61.93? 2241 93? . So the trigonometric form is -8- 15i = 17(cos 241.93? +isin 241.93°) =17 cis 241.93°. 


58. Herex=6,y=2,and r 2 N6? «2? =/36+4 - 440 - 2410 . Since tan@ = Z -2 in quadrant I, 0 =18.43° . 
So the trigonometric form is 642i = 210 (cos18.43? +isin18.43°) = 210 cis 1843? . 
60. Herex--2,y -—3,and r= (eo og - 4449 - 413 . Since tan@ = : in quadrant III, 


0 - 180? + 56.31? = 236.31? . So the trigonometric form is -2 - 3i = V13 (cos236.31? + isin236.31?) = V13 cis 236.31? . 
62. The trigonometric form is 5 +12i = 13(cos67.38? +isin 67.38°) 213 cis 67.38° . 
64. The trigonometric form is -8 - 15i = 17(cos 241.93? +isin 241 93°) =17 cis 241.93°. 
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Problem Set 8.2 


66. The trigonometric form is 642i = 2V10 (cos18.43° +isin18.43°) = 210 cis 18.43°. 
68. The trigonometric form is -2 —3i = /13 (cos 236.31° +isin236.31°) = V13 cis 236.31°. 
70. Writing each complex number in standard form: 
2(cos60° +isin 60°) = a+ 1+iV3 
1 V3 
2] cos(—60°)+isin(-60°) | = 2] —-—i]=1-iv3 
[scar] eism Con ]- [1-3 
Note that the two numbers are conjugates. 
72. Finding the magnitude: | z| = cos? 0+ (-sin ey = Jcos? 0 e sin? 8 - J1 =1 
74. Using the addition formula for sine: 
sin 75? = sin(30? & 45?) = sin 30° cos 45° + cos 30°sin 45° = b v2 + v3 . v2 = v2 +V6 
2 
76. Since A terminates in quadrant I, cosA » 0 and thus: cosA- NI -sin? A = il - 2) = i Ws = -4 = = 
Since B terminates in quadrant I, cos B » 0 and thus: cos B= N1- sin? B - E - B =l- E ies 
Using the addition formula for cosine: cos(A + B)= cos Acos B -sin Asin B = F: E. 2: Sz - d n = 
5 13 5 13 65 65 65 
78. Using the addition formula for cosine: cos 30? cos90? -sin 30° sin 90° = cos(30? + 90°) =cos120° = x^ 
80. Using the law of sines: 
sinB  sinA 
b a 
sinB _ sin45.6° 
567 678 
siti Bee SEDO 05076 
678 
B = 36.7°,143.3° 
Since 143.3? + 45.6° = 188.9° > 180°, only B = 36.7? is valid. 
82. Using the law of sines: 
sinB  sinA 
b a 
sinB _ sin45.6° 
567 789 
siti Be RA ois 
789 
B = 30.9°,149.1° 
Since 149.1? + 45.6? = 194.7? > 180°, only B = 30.9° is valid. 
84. Here x=—4, y= 4, and r - (4)? +4? =V16+16 = 32 - 44/2 . Since tan@ = -1 in quadrant II, 0 = 135°. 
So the trigonometric form is —4 + 4i = 442 (cos135° + isin135°) =4,/2 cis 135? . The correct answer is a. 
86. The correct answer is d. 
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ODD SOLUTIONS 


1. Argand , real, imaginary 3. modulus, origin, (a, b) 
5. standard, trigonometric 7. evaluate, distribute 
9. — |ltij=VP? +P =V2 1. |-3-4i|=,/(-3)'+(-4)’ -N25 =5 
13. |0 - Si] = J0* +(-5} = J25 =5 15. |-4«0i|- J(-4) +0° = V16 =4 
17. Opposite of 2- i = -(2-i)=-2+i 19. Opposite of —3i = 3i 
Conjugate of2—-i22-*i Conjugate of —3i = 3i 
21. Opposite of 5 2—5 23. Opposite of -5-2i2-(-5-2i) 2 5+ 2i 
Conjugate of 5 2 5 Conjugate of -5 -2i = -5 + 2i 
25. 2(cos 30° +isin 30°) =2 N3 i z) 27. 4 cos 4sin =) = 4 ee v3 
2 2 3 3 2 2 
234i --242i43 
29. cos210"+isin210 ^ - si|- 31. eae n -Yii E 
2 2 4 2 2 
EUN 459 x42» 
2. 2 2 2 
33. 10(cos12° +isin12°) - 10[0.978 + (0.208) | 
=9.78+2.08i 
35. 100(cos2.5 + isin2.5) = 100[-0.8011.-/(0.5985)] 
- -80.114 59.85 i 
37. cos 205° +isin 205° = -0.91 *i(-0.42) 
= -0.91-0.42i 
39. 4(cos 6 +isin 6) = 4[0.960 + i(-0.279)] 
- 3.84 -1.12i 
41. We have x 2-1 and y = 1; therefore, r - J(-1) +1’ = V2. 
We also know that tan 0 = = and 0 is in QII. Therefore, 0 =135° or = ; 
: : - exu p 3m .. 3x 
In trigonometric form, z 2 r(cos0 +isin@) = X2 (cos135 +isin135°) or V2 PON KIS ae 
43. We have x=1 and y= —1; therefore, r=./1° +(-1)° = NU 
We also know that tan0 = = and 8 is in QIV. Therefore, 0 = 315° or = 
: : "E EE I TE is TE 
In trigonometric form, z 2 r(cos0 +isin@) = X2 (cos315 +isin315°) or sp M Lev tae m 
45. We have x 23 and y 23; therefore, r2 43^ 4 3 - J18 2342 . 
We also know that tan0 = : - land 0 is in QI. Therefore, 0 = 45° or z i 
In trigonometric form, z 2 r(cos0 +isin0) = 342 (cos45° + isin45°) or S cos eis ; 
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47. 


49. 


51. 


53. 


55. 


57. 


59. 


We have x 20 and y=-8 ; therefore, r= 4/07 -(-8) - 64 -8. 


We also know that 0 = 270° or = from its graph. 


In trigonometric form, z=r(cos@+isin@) =8 (cos270° +isin 270°) or 8 [cos isin H : 


We have x 2-9 andy = 0; therefore, r = J(-9)? +0° = J/81 29. 


We also know that 0 =180° or x from its graph. 
In trigonometric form, z 2 r(cos0 +isin@) = 9(cos180° +isin180°) or 9(cos x +isin s) . 


We have x =-2 and y= 2V3 ; therefore r= (-2) +(2v3) - 416 -4. 


We also know that tan0 = ae =- 3 and 0 is in QII. Therefore, 0 =120° or = ; 


In trigonometric form, z 2 r(cos0 +isin@) = 4(cos120' T isin120") Or [s isin a 


We have x 23 and y=-4; therefore, r=4/3° «(4 =vV/25 =5. 

We also know that tan 0 = = and 0 is in QIV. Therefore, 6 253.13 and 0 2 306.87 . 
In trigonometric form, z 2 r(cos0  isin0) = 5(cos306.87 +isin 306.87) . 

We have x 2 -20 and y=21; therefore, r= 4(-20) +21? - 841 - 29. 

We also know that tan0 = = and 8 is in QII. Therefore, 6 =46.40° and 0 2133.60 . 


In trigonometric form, z 2 r(cos0 - isin0) = 29(cos133.60° +isin133.60°) . 
We have x=7 and y=-1; therefore, r= y7 +(-17 = J50 = 5/2 . 


We also know that tan0 = - and 8 is in QIV. Therefore, 0 -8.13 and 0 =351.87°. 
In trigonometric form, z 2 r(cos0 +isin@) = 54/2 (cos 351.87  * isin351.87^). 

We have x 2-11 and y=2; therefore, r= AC +2? 241252545. 

We also know that tan0 = ET and 0 is in QII. Therefore, 6 =10.30° and 0 2169.70 . 


In trigonometric form, z = r(cos0 +isin@) = 54/5 (cos169.70* +isin169.70°) . 


For problems 61 through 67, see textbook answer section for answers. 


69. aot «rino ea [Sai] S 
2 |cos(-307) + isin(-30°)| =3 S1 Eier 
2 2 

71. — |z|=cos*@+sin?@ = V1 =1 
79. cos 75* = cos(30° + 45°) 

= cos 30° cos 45° - sin 30° sin 45° 

_V3 N21 v2 

go wu» 
| Xy6-42 
4 

Chapter 8 Page 429 


Problem Set 8.2 


O 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


81. dn. HE 
5 13 


sin(A + B) = sin A cos B + cos Asin B 
312 4 5 36 20 56 


. TLT—:— — + — —— 
5.13 5 13 65 65 65 


83. sin 30° cos90° + cos 30’ sin 90° = sin(30° + 90") 
=sin120° = 3 
2 
85. gige 24 87. sin B = Bund 
a 
_ 567sin45.6 217312 _ 567sin 45.6 0.8884 
234 456 
No triangle exists because sin B is B=62.7 or117.3 
greater than 1 (which is impossible). Two triangles exist because a «b. 


8.3 Products and Quotients in Trigonometric Form 


EVEN SOLUTIONS 
2. To divide two complex numbers in trigonometric form, divide their moduli and subtract their arguments. 
4. To find the nth power of a complex number, find the nth power of the modulus and multiply the argument by n. 
6. Multiplying in trigonometric form: 

3(cos20° +isin 20°). 4(cos195? & isin195?) = 12[cos (20? +195°)+isin(20°+ 195°)| =12(cos215°+isin215°) 
8. Multiplying in trigonometric form: 

7 (cos110? +isin110°) +8 (cos201°+isin201°) = 56[cos(1 10? 4 201°)  isin(110? 201*)] 

= 56(cos311°+isin311°) 


10. Multiplying in trigonometric form: 


Beige heigl es cos Hist 04 MER RU 
3 6 3 3 6 6 


E 7z) OA E z 
= 8| cos + +isin + 
| 3 6 3 6 


í llm .. Hz) 
= 8] cos +isin 
6 6 


=8 cis THE 
6 


12. Finding the product in standard form: zz) -(1«i)(242i) - 244i «2i? -2«4i-2- 4i 
Writing each number in trigonometric form: 
zı =1+i = A2 (cos45? +isin 45°) z2 -242i = 242 (cos45? +isin45°) 
Multiplying in trigonometric form: 
zz? = N2 (cos45? +isin 45°) * 24 (cos45? + isin45?) = 4(cos90? + isin 90°) = 4(0+ li) = 4i 
Note that the products are equal. 
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14. Finding the product in standard form: zz? =(-1+iV3)(V3 +i) =-V3+2i+i? V3 =-V3 +2i-V3 = 2432 
Writing each number in trigonometric form: 
zı =-1+iV3 = 2(cos120? +isin120°) z2 = V3 +i = 2(cos 30? + isin30?) 


Multiplying in trigonometric form: 
ZZ = 2(cos120? +isin120°) «2 (cos 30° +isin 30°) = 4(cos150° +isin150°) = p! zil =-2V3+2i 
Note that the products are equal. 
16. Finding the product in standard form: z;z; = (2i)(-5i) - -10/? =10 
Writing each number in trigonometric form: 
= 2i = 2(cos 90? +isin 90°) z2 = -5i = 5(cos270? +isin270°) 
Multiplying in trigonometric form: 
ZZ = 2(cos90?  isin90?)- 5(cos 270?  isin270?) = 10 (cos 360° + isin 360°) 2 10(1--07) 2 10 
Note that the products are equal. 
18. Finding the product in standard form: zz) =(1+i)(3i) = 3i - 3? - -34 3i 
Writing each number in trigonometric form: 
zı =1+i = A2 (cos45°+isin45°) z2 = 3i = 3(cos90° + isin90?) 


Multiplying in trigonometric form: 


zz? = V2 (cos45° +isin45°)+ 3(cos90° +isin 90°) = 32 (cos135° +isin135°) = wi(- l eg 


aR 


Note that the products are equal. 
20. Finding the product in standard form: z,z2 = -3(V3+ i) - -3453 -3i 
Writing each number in trigonometric form: 
zı =-3 = 3(cos180° + isin180?) z2 = V3 +i =2(cos 30° +isin 30°) 
Multiplying in trigonometric form: 


B 


ZZ = 3(cos180° +isin180°)+2(cos 30° + isin 30°) = 6(cos 210? +isin210°) = (3-9 = -3V3 - 3i 


Note that the products are equal. 
22. The trigonometric forms are: 


4i = 4(cos90? +isin90°) 2 =2(cos0°+isin0°) 
Therefore: 
4i *2 = A(cos90? » isin90?) - 2 (cos0?  isin0?) 


8 (c090* cos0* + isin 90°sin0° + cos 90*sin0* i? sin90* sin0°) 

=8(O+l+iel+1+i+0+0+(-1)+1+0) 

= 8(0 i040) 

- Bi 
24. Using deMoivre's Theorem: 

[4(cos15°+isin15° Jr = 4? [cos(3- 15?) « isin(3«15*)] 
= 64 (cos 45? +isin45°) 
(2. zn 


23242 «32:42 
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26. Using deMoivre’s Theorem: 


5 
afos Z +isin2 a 
6 6 


28. Using deMoivre’s Theorem: 
(cis 18°)'° =(cos18°+isin 18°)" =cos(10+18°)+isin(10 + 18°) =cos180°+isin180° =-1+0i - -1 
30. Using deMoivre’s Theorem: 


[s aJ - |a (cos + sin) 
= (V2)" oos{10-2] eso] 
- 32{cos Seis 
š no 2-2, | 


--1642 -16i2 


32. First write 1i in trigonometric form: 1+i = 42 (cos 45° + isin45°) . Using deMoivre’s Theorem: 


2 2 2 2 


cos(5+ 2 eins] - soos isin 2) - z|- REM 285.28; 


10 


(1+i) = [V2 (cosas°+isin4s?)] 
- (v27 [cos(5+45°)+isin(5+45°)] 
= 442 (cos 225° + isin 225°) 
mds 2 


--4-4i 
34. First write V3 +i in trigonometric form: 43«i- 2(cos 30? +isin 30°) . Using deMoivre’s Theorem: 


Y 


(3i =[2(cos30°+isin30°)]" 
- 2^ [cos(4 « 30*) « isin(4 - 30*)] 
= 16(cos120? + isin120?) 


IA 
2:2 


ae vee) 


36. First write —14 i in trigonometric form: -1+i= V2 (cos135° + isin135°) . Using deMoivre’s Theorem: 
8 
(-1+i)? - [V2 (cos135°+isin135°)] 


= ( V2)" [cos(8+135°) +isin(8 +135°)] 
= 16(cos1080° +i sin 1080°) 

- 16(1+0%) 

-16 
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38. First write —2—2i in trigonometric form: -2-2i- 242 (cos 225? isin225?) . Using deMoivre's Theorem: 
(2-2) =[2V2 (cos225°+isin225°)] 
=(2V2)' [cos (3+225°) +isin(3-225°)] 
= 16,2 (cos675° +isin675°) 
1 1 

-1642| — -—i 

z a 

=16-167 

40. Write 1-i in trigonometric form: 1-i = A2 (cos315° +isin315°) 

Therefore: (ian =[V2(cos315°+isin315°)] = Fy [cos(-315°)+isin(-315°)] = E Ld iJ- : ji 


42. Write V3 +i in trigonometric form: davis 2(cos 30° +isin 30°) 


Therefore: (V3+ i) =[2(cos 30° + isin 30°)" i 5 [ees Cao") + isin(-30°)|= 5 


30(cos80°+isin80°) 30 
10(cos15°+isin15°) 10 


44. Dividing in trigonometric form: [cos (80° -15°)+isin(80° - 15°)| = 3(cos 65° +isin65°) 


46. Dividing in trigonometric form: 
21(cos163°+isin163°) 21 
14(cos44°+isin44°) 14 


48. Dividing in trigonometric form: 


[cos(163° — 44°) + isin(163° — 44°) ]=1.5(cos119° +isin119°) 


2x 2402 DT 
ist  6|cos—— + 1 Sin — 
6 cis 3 3 z Ü 


- $ cos + isin =0.75 cis 
4 6 6 6 


8cisT gļcos%+isin% 8 
2 2 2 


a 2-2i 20-i)- 


50. Finding the quotient in standard form: - i 
z l-i 1-i 


Writing each number in trigonometric form: 

zı 72-2i - 242 (cos315? +isin 315°) z2 -1-i - 42 (cos315? & isin315?) 
zı _ 2V2(cos315°+isin315°) 
z2 ¥2(cos315°+isin 315°) 


Dividing in trigonometric form: = 2(cos0°+isin0°) = 2(1+0i)=2 


Note that the quotients are equal. 


ag _l+iv3 i _i+iV3 i-43 W3 1, 


52. Finding the quotient in standard form: 


22 2i i 2i? -2 2 2 
Writing each number in trigonometric form: 
z =1+iV¥3 - 2(cos60? +isin 60°) z2 = 2i = 2(cos90? +isin90°) 
2 60° +i sin 60° 
Dividing in trigonometric form: L = cosets 2o ) = 1(cos(-30°) + isin (-30°)) aka 
z2 2(cos90°+isin 90°) 2 2 
Note that the quotients are equal. 
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zy 646i 6(1+i) _ 6 E 
z; -3-3i -3(1+i) -3 
Writing each number in trigonometric form: 

zı 7 646i = 642 (cos45? c isin45?) z2 =-3- 3i = 342 (cos 225° + isin225°) 
a 64/2 (cos45? +isin45°) 
z2 342 (cos225?  isin225*) 


54. Finding the quotient in standard form: 


Dividing in trigonometric form: - 2(cos(-180?) + isin(-180°)) = 2(-1+0i) - -2 


Note that the quotients are equal. 
zl -6 


56. Finding the quotient in standard form: — = E =-2 
22 
Writing each number in trigonometric form: 
z 7 -6 = 6(cos180? + isin 180°) z2 =3=3(cos0°+isin0°) 
6 180? +isin 180° 
Dividing in trigonometric form: L = (Eos T f E ) =2(cos180°+isin180°)=2(-1+0i)=-2 
z2 3(cos0°+isin0°) 


Note that the quotients are equal. 
58. First write each complex number in trigonometric form: 


V3 +i =2(cos30° + isin30°) 

2i = 2(cos90° +isin90°) 

1+i = V2 (cos45°+isin45°) 
Now simplify the expression: 


(3i f Qi? _ [2(cos 30° + isin30°)]Ý [2 (cos90° +isin90°) > 


(1+i)'° [V2 (cos45°-+isin45°)] 
E 16(cos120° +isin120°)+ 32(cos450? + isin 450°) 
7 32 (cos 450? + isin 450°) 
7 512(cos570° + isin 570?) 

32(cos 450° + isin 450°) 
= 16(cos120° + isin120?) 
= ied 
2s. 
=-8+8iV3 
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60. First write each complex number in trigonometric form: 
1 i3 - 2(cos 60? + isin60?) 
V3 - i =2(cos330° + isin 330°) 
1 -iV3 =2(cos300° + isin 300°) 
Now simplify the expression: 
(iei) (48-4) _ [2(cos60* + isin60°)]' [2(cos 330° + isin 330°)] 
(1-iv3)’ [2(cos 300° + isin 300°) 


16(cos240° +i sin 240°) + 4(cos 660? + isin 660°) 
8(cos900° +isin 900°) 
_ 64 (cos 900° + isin 900°) 
8 (cos 900° + i sin 900°) 
= 8(cos0°+isin0°) 
= 8(1+0i) 


=8 
62. Substituting into the equation: 


x? -2x4 =[2(cos300°+isin 300°) | -2 e 2(cos300° + isin 300°) +4 
= 4 (cos 600° + isin 600°) — 4 (cos 300° + isin 300°) +4 


FIRME 


2 2: 2 
2-2-2i/3-2*2i4344 
20 
Thus x - 2(cos 300? + isin 300?) is a solution to x?-2x«4-0. 


64. To show x is a cube root of -1, we must show x? = -1. First write the number in trigonometric form: 


xolg 39. cos60°+isin60° 
2: 2D 


Therefore: x? = (cos 60? + isin60°)? =cos180°+isin180° =-1+0i = -1 


So KE is a cube root of -1. 
2 2 


2 
66. Since 90° < A «180? , sinA>O and thus: sina = i-e! A = ft-(-5) = EM 


naa) 


Using the double-angle formula for sine: sin2A =2sin Acos A =2 3 2 9 


68. Since 90°<A<180°, 45? « 2 « 90? , thus cos >0 . Using the half-angle formula for cosine: 


1 

A [rosa |173 fi E 
cos = = = = = 

2 P. 2 3 3 3 
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70. 


Drawing the figure, where x represents the length of the other guy wire: 


10.1 ft 


Using the law of sines: 
x | 10.1 
sin43.2*  sin34.5? 
. 10.1sin 43.2? 
/ sin34.5? 
The other guy wire is approximately 12.2 ft long. 


2122 ft 


72. Drawing the figure, where x represents the length of the longer diagonal: 
33 cm 
22 cm 
Using the law of cosines: 
x? 222? «33? —2(22)(33)cos111° ~ 2093 
x 242093 = 46 cm 
The longer diagonal is approximately 46 cm long. 
74. Dividing in trigonometric form: 
8 120? + isin120? 
E MEER [cos (120? - 40°) + isin(120° — 40*)] = 4(cos80° + isin80?) 
2(cos40°+isin40°) 2 
The correct answer is b. 
76. First write each complex number in trigonometric form: 
1-i - 2 (cos315? « isin315?) 
-3 -i = 2(cos210? +isin210°) 
1 i3 = 2(cos 60? +isin 60°) 
Now simplify the expression: 
(1-1)* (-V3 - 2H | /2 (cos 315? isin315*)]' [2 (cos210°+isin210°)f 
(1 +iv3) [2(cos60° + isin 60°) > 
4(cos1260° +isin1260°) - 4 (cos 420° + isin 420°) 
g 32 (cos 300° + i sin 300°) 
16(cos1680° +isin1680°) 
32 (cos 300° + isin 300°) 
= 5 (c0s1380° +isin1380°) 
= 5 (cos 300° + isin 300°) 
~1/1_v3; 
2\2 2 
zo 
4 4 
The correct answer is d. 
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ODD SOLUTIONS 


1. multiply, add 3. 
5. 


powers 
5(cos15" +isin15°)-2(cos 25° +isin25°) 2 5 2[cos(15° + 25°)+isin(15° +25°)] 
= 10(cos 40° +i sin 40^) 


7. 9(cosl15° e isin1 15) 4(cos5T +isin51°) = 9-4[cos(115° +51°)+isin(115°+51°)] 


= 36(cos 166° +isin166°) 


9. 2 oe 2 cos +isin 2 =2:2|cos BE +isin SA 
4 4 4 4 4 4 4 4 
= 4(cos m +isin zt) = 4ciszt 
11. zz =(1+iX(-1+i) z,=1+i where x=1,y=1,and r2 JI «I =V2 


=-1l+i-i+i? Also tan0 =1 and @is in QI. Therefore, 0 = 45°. 
2-]-1-2-2 z= V2cis(45°) in trigonometric form 


z =-l+i where x=-1,y=1,and r=y(-1 «P =V2 
Also tan@ =-1 and @is in QII. Therefore, 0 2135'. 
Z = V2cis(135") in trigonometric form 


zz, = V2cis(45°): V2cis(135°) 
=/2- V2cis(45° +135°) 
= 2cis(180°) = 2(-1+i-0) 2 -2 


13. zz, =(1+i¥3)\(-v3 +i) z,=1+i¥3 where x= 1,y= V3 ,and r2 Ji (V3). -2 


=-V3-21+7/3 Also tan@ = 43 and Oisin QI. Therefore, 0 = 60° . 
a3 07549 229/39; zı = 2cis(60^) in trigonometric form 


Z, =-vV3+i where x=- 43, y 2 1, and 
r= (3) +° =2 


Sl 


Also tan@ = B and Oisin QU. Therefore, 0 =150°. 


Zz, = 2cis(150^) in trigonometric form 
ZZ) = 2cis(60")- 2cis(150°) 


- 2-2cis(60^ +150°) 


aci a [5-73] a5 -2 

15. ZZ, = (3i)(-47) z =3i where x 20, y 23, and r=3,and 0 -90 
=-127 z= 3cis(90°) in trigonometric form 
=-12(-1)=12 z, =—4i where x=0,y=-4,r=4 and 0=270° 


Z, = 4cis(270°) in trigonometric form 
ZZ) = 3cis(90°): 4cis(270") 
= 3-4cis(90° - 2707) 
= 12cis(360°) =12(1+7-0) 212 
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17. 
-4ic4i Also tan =1 and @ is in QI. Therefore, 0 2 45'. 
=4i +4(-1) --4-4i Z= V2cis(45°) in trigonometric form 
zz, = V2cis(45°): 4cis(90") 
= J2 -4cis(45° +90") 
= 4,/2cis(135°) = eaa 
19. zz --50iN3) z =-5 where x=-5 ,y= 0,0-180 and r-5. 
--5-5i43 zı = 5cis(180^) in trigonometric form 
zz, = Scis(180°)-2cis(60°) 
2 5-2cis(180^ + 60°) 
= 10cis(240^) = 10 NE ISSUE] 
2 2 
21. =2(cos90° +isin90°)and 3i = 3(cos90°+isin90°) (from 8.2) 
2i- 3i = [2(cos 90° + isin90°)|[3(cos 90° +isin 90°)] 
- 2 3(cos? 90° +2icos90° sin 90° +i? sin? 90°) 
= 6[0 + 2i(0)(1)+(-)’ | 
=6(-1) =-6 
23. [2(cos 10° + isin10°)| 29° [cos(6 -10°) +isin(6- 10°)] 
= 64(cos 60° + isin 60°) 
=64 1.3 = 32432iV3 
2 7 X 
4 
25. 3 cos +isin™ =3* ex +isin qu 
3 3 3 3 
~81{ cos eis 
3 3 
1X3. 81 81⁄3. 
281|-—-—i|2-—- i 
DER EE 
27. (cisi27)" - 1^ [cisqo-127] 
= 1(cos120* +isin 120°) =- ! MEE --—- N3 ; 
NT 2 
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zz, = (1+i)(4i) z,=1+i wherex2 1, y 2 1l, and r2 JP «1? = 2. 


-4i wherex20,y 24, r2 4 and 0 290" 


= 4cis(90^) in trigonometric form 


z -1«i 3 where x = 1, y = 43 and r= P+(V3) m4. 2. 


Also tan@ = V3 and @ is in QI. Therefore, 0 = 60°. 
= 2cis(60^) in trigonometric form 
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31. 


33. 


35. 


37. 


39. 


41. 


43. 


[sas] s (eis (22) 


18 
=8 cos en E = cos +isin Z IE el 
3 3 3 3 3 3 
=8 18 -44Ai43 
2 2 


In problem 11, we found that 1 + i was 42. (cos 45° +isin 45^) in trigonometric form. 
z= (42)' [cos(4-45°)+isin(4-45°)] 
= 4(cos180° +isin180°) = 4[-1+i(0)|=-4 


In problem 13, we found that -V3 +i was 2(cos150° +isin150°) in trigonometric form. 
z'-(2) [cos(4 1507) - isin(4 1507) 
= 16(cos 600° +isin 600°) 


eR --8-8i43 
3 3 


In problem 11, we found that 1 + i was 42: (cos 45° +isin 45^) in trigonometric form. 
ge (v2) [cos(6-45°) +isin(6-45°)] 
= 8(cos270° +isin270°) 
= 8[0+i(-1)]=-8i 
First we write —2+2i in trigonometric form: x 2-2,y 22,andr- coy «2h -J8 -242 


Also tan = --1 and 0 is in QII. Therefore, 0 2135' and z 224 2cis(135) . 


z e-(u2 i [cis(3-135°)] 
= 1642 (cos 405° +isin 405" ) 


ieu nsns 


2 
l+i = V2 (cos 45° +isin 45°) in trigonometric form 
(+i)! = (42) [cos(-1-45")+isin(-1-45°)] 
2 ( 42 | MET 
+i] - i 


2 21] 2 2 


zexda-iz 2(cos330° +isin 330°) in trigonometric form 
ens [cos(-1-330°)+isin(-1-330°)] 
1 
= —|cos(-330°) +isin(-330° 
5 [cost-330°)+ isin(-330°)| 
1[43..(1]] v3 1, 
- +i 2——4—i 
2 4 4 


DUCIT RE E? = Z cos(75: 40°) +isin(75° -40*)] 
5(cos40 isin 40 ) 5 


= 4(cos 35° +isin35°) 
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45. 


IB costes) E [cos(5r - 32°) +isin(S1° - 32°)] 
12(cos 32 isin 32 ) 12 


=1.5(cos19° +isin19°) 


eat 
Acis — 4 id ovd 
47. 2. cs E | 
2 6 


- 0. 5cis T 
3 


p 42424 1-i 
z Iti l-i 
2-2 2+2 4 
“Wee dad o 
-242i where x=2,y=2,andr = 2? «2? 224. 


Also, tan@ = z =] and 0 is in QI. Therefore, 0 = 45° and z, = 2V2cis45° ; 


In problem 7, we found that z, = 42 (cos 45" +isin 45^) in trigonometric form. 


a 22 A -45°) 
z V2 


=2cis0°=2(1+i-0)=2 
51. noy 


Z5 2i i 
_iN3 +2 _-1+iv3 1 V3, 
2j -2 2 2 


=J/34i where x= 3,y=Landr= (43) +1 = 2), 
Also, tnd = and @ is in QI. Therefore, 0 = 30° and z, = 2cis30° . 


z,-2i where x=0,y=2,r=2,and 0 2 90". In trigonometric form, z, = 2cis90° . 
z  2cis30 


Er PEON AU! - 90°) 
z, 2cis90 2 


-excen 44-98) ! X3, 


2 2... 2 
53 z 4*4i 242i 84+161+87° _8+16i-8 16i 
` Z 2-2i 2+2i 4-4? 4+4 8 


z,=4+4i where x24,y 2 4,andr 2 44^ +4? = 32 2 442. 


Also, tan@ = $ -] and 0 is in QI. Therefore, 0 = 45° and z, = 4J2cis45° : 


-2-2i where x=2, y=-2,andr=2?+(-2) 2 48 2242 . 
Also, tan = = --1 and @ is in QIV. Therefore, 0 =315° and z, -242cis315'. 


z  4N2cis4y 44D 
z  2N2cis315° 242 


= 2cis( - 270^) =2(cos90° +isin 90°) = 2(0 i: 1) 2 2i 


cis(45° - 315°) 
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55. 


57. 


59. 


z -4 
z -8 where x=8,y=0,r=8,and0=0°. In trigonometric form, z, = 8cis0" . 


z,--4 where x=-4,y=0,r=4,and 8 2180". In trigonometric form, z, = 4cis180° . 


5, BCISO B d= 180") 20i 180") e 21609180 Fun 180) EE yu co 


Z) 4cis180° 4 
In problem 11, we found that z, 2 1-- i was 2 (cos 45' +isin 45°) in trigonometric form. 
In problem 51, we found that z, =2i was 2(cos90° +isin90°) in trigonometric form. 


In problem 37, we found that z, =-2+2i was 242 (cos135* +isin135°) in trigonometric form. 


(aY (ay (42) cis(4-45°)|[(2) cis(2-907)] 

1 Dee 2 Mi “asl LM 
z 242 cis(135°) 

4- 4(cis180°)(cis180°) 
2V/2cis135° 

= 16cis360° 

2V2cis135° 

A Jg [esae -135°)]= toss 
8(42., 42 

a (a aa eee e odi 
& 27 e | 


First, we find the trigonometric form of each of the complex numbers: 
zı 2242i = 242 (cos 45^ +isin45°), z, =-3+ 3i = 3V2 (cos 135^ +isin135°) , and z, = V3 +i = 2(cos 30° «isin30") 


la (e) o2) cis(5 45) (2) cisco 135) 


(z)^ " 2" cis(10- 30) 
12842 -544/2 (cis225°)(cis405°) 
E 1024cis300° 
_ 13,824cis(225° +405°) 
1024cis300° 
- 27 eis330° 
2 
27 (co5330" + isin 330°) = — Zaf- 293 m 
2 212 2 4 4 


61. x! -2x 4 4 =(2cis60°) -2(2cis60^) - 4 


Chapter 8 


= Acis(120^) - 4cis(60°) +4 


aperte s 


2 2 3 
aca dcrcaSB ase 
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4 o m EN 
63. w - [2os15 +isin15 )] 
=2'|cos(4-15°)+isin(4-15°)] 
=16 [cos(607) + isin(60°)] 


=16 114.43 -848i/3 
aug 


69. cos2A - 2cos? A-1 71. eases 
2 2 
g (5) -1 1-(-1/3) 
3 2 
-21-2 -|236 
9 9 3 3 
73. ZM =180° -(QQT 435) - 118 
x= msn = 6.0 miles p 7 Nx 
sin118* M 


9.2 


75. lg| = 170? + 28? - 2(170)(28)cos 68° 
= /26,118 =160 mph (to 2 significant digits) 


sings 2288 eod 
160 


0 =9° (to the nearest degree) 
The true course is 1127-0 =112° -9° =103°. The ground speed 
is 160 miles per hour. 
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8.4 Roots of a Complex Number 


EVEN SOLUTIONS 


2. 


To find the principle nth root of a complex number, find the nth root of the modulus and divide the argument by n. 


To find the remaining nth roots, add Sat or zu to the argument repeatedly until you have them all. 
n n 
4. When graphed, all of the nth roots of a complex number will be evenly distributed around a circle of radius pun 
6. The square roots are given by: 
wy - 16/2 (cog 30 * 360" k | 30 x K |- 4[cos(15°+ 180%) +isin(15°+180°%)] 
Substituting k = 0,1: 
Wo =4(cos15°+isin15°) w1 =4(cos195° +isin195°) 
Graphing these solutions: 
^ 
i Ww, 
Wi T 
' 
8. The square roots are given by: 
Weg cog ROE os See 1 = 3[cos(155°+180°k) + isin(155? +180°k)] 
Substituting k = 0,1: 
Wo = 3(cos155°+isin155°) wi = 3(cos335? + isin 335°) 
Graphing these solutions: 
4 
= + + + —P x 
^ 
Y 
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10. The square roots are given by: 
5x 5x 


+27k ——-2zk 
wg 2 81? cos 6 +isin 5 =9 


5x .. [57 
cos| — + ak | isin| — + mk 
[uentis + 4 


Substituting k = 0,1: 


wo =9 (cos 9 + isin $Z =9 cis — wi =9 cos 12 sisin E) o cis —— 
12 12 12 


Graphing these solutions: 


12. First write the number in trigonometric form: -242i43- 4(cos120* + isin 120°) 
The square roots are given by: 
ws cadi lise 120 n k isin 120° + 360° ‘|. 2[e 


cos (60? +180°k) + isin (60°  180*&)] 
Substituting k = 0,1: 


wo =2(cos60° - isin60*) = 2 ro =1+iv3 
: 2 2 


V3 


wj = 2(cos 240° + isin 240°) [auus 
2 2 


14. First write the number in trigonometric form: -36i = 36(cos270° +isin 270°) 


The square roots are given by: 
w, -362 feos 270 +300 k isin 270 360" k 


|- 6[cos (135? +180°k) +isin(135° +180°k)]| 
Substituting k = 0,1: 
Wo = 6(cos135° +isin135°) 4X. X» ai 2 
w, = 6(cos 315° +isin315°) =6 2-35 342 -3i42 
16. First write the number in trigonometric form: 9 = 9(cos0° +i a 


The square roots are given by: w, = 91? E Bee s ise CE = E 


= 3|cos (180?&) +isin(180°%) | 


Substituting k = 0,1: 
Wo = 3(cos0? +isin0°) 2 3(1+0i) 23 w = 3(cos180° +isin180°) = 3(-1+0i) 2 -3 
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18. 


20. 


22. 


24. 


26. 


First write the number in trigonometric form: | - iv3 = 2(cos 300° + isin 300°) 
The square roots are given by: 
1/2 300°+360°k . . 300°+360°k 
wg =2 "^ | cos 5 +isin 


|- X2 [cos(150°+180°k) + isin (150° +180°k)| 


Substituting k = 0,1: 


wo 7 N2 (cos150? + isin 150°) = J2 | - 
o-N2( ) 


Wi edits iino) - a E-i- E- 


45 ME 


The cube roots are given by: 
303°+360°k .. 303° +360°k 
os 3 +isin 2 


wy 227! lc |- 3[cos(101°+120°k) +isin(101°+120°%)] 


Substituting k = 0,1 2: 
Wo 7 3(cos101°+isin101°) 
w = 3(cos221°+isin221°) 
Ww» = 3(cos341°+isin 341°) 
First write the number in trigonometric form: -A45 4i = 8(cos150° + isin150°) 


1/3 150?-360?k .. 150°+360°k 
=8 cos 3 +isin 


The cube roots are given by: wy = 2[cos(50° +120°k)+isin(50°+ 120*&)] 


Substituting k = 0,1 2: 
Wo =2(cos50° +i sin 50°) 
wi = 2(cos170° +isin170°) 
w» =2(cos290° +isin 290°) 
First write the number in trigonometric form: 8 = 8 (cos0° +i sin0°) 


The cube roots are given by: wg = gue re HOOK isin OEE 


= 2[cos(120°k) + isin(120*&)] 
Substituting k = 0,1,2: 

Wo =2(cos0°+isin0°) 

w1 = 2(cos120° +isin120°) 

w» =2(cos240° +isin 240°) 
First write the number in trigonometric form: -64i = 64(cos270° +isin 270°) 


The cube roots are given by: 
wg = 6413] cos 270 x * isin? a = 4[cos(90°+120°K) +isin(90°+120°)] 


Substituting k = 0,1 2: 
Wo =4(cos90° +isin 90°) 
wi =4(cos 210° +isin210°) 
wz =4(cos330° + isin 330°) 
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28. Since x°-27= 0, x? 227 . We wish to find the three cube roots of 27. Writing 27 in trigonometric form: 
27 = 27 (cos0? - isin0?) 


The cube roots are given by: w =2 


qs feos H, isin? "F20 = 3[cos(120° k)+isin(120° k)] 


Substituting k = 0,1 2: 
Wo = 3(cos0? +isin0°) = 3(1+0i) 23 


1 $$ 


wi = 3(cos120? +isin 120°) = j- + 
2 


2 2 2 
w» =3(cos240° + isin240°) = 3| - : EE Bees 3V3 ; 
2 32 Qe 72 


30. Since x^ -16 =0,x* 216 . We wish to find the four fourth roots of 16. Writing 16 in trigonometric form: 
16 =16(cos0° + isin0°) 


The fourth roots are given by: w; =1 


6/4 cos EE isin? atl i 2[cos(90° k)+isin(90° k)] 


Substituting k = 0,1,2,3: 
wo M e =2(1+0i)=2 
1 =2(cos 90° +isin 90°) =2(0+1i) =2 
= 2(cos180° +isin180°) = 2(-14 0i z -2 
- 2(cos270? + isin 270°) 2 2(0 -1i) = -2i 


2k —— 4 2zk m3 x m 
32. The fourth roots are given by: w; = 1!^ |cos 3 Fi +isin—3 7 = e| 3 t 3 k) isin 24 Ze) 


Substituting k = 0,1,2,3: 


Woes oos. IE 
Wo 2 cos—-isin— 
3 3 
5m .. Sx 
W| 7 cos = * isin — 
6 6 


4m .. 4T 
w =cos—— +isin— 
3 3 


lla lla 
w3 = cos — + isin —— 
6 6 
34. The fifth roots are given by: 
1/5 o o o o 
ai = (10!) E 75 t3) SERERE: 


- 100 [cos (15?  72*k)  isin(15? « 72*&)] 
Substituting k = 0,1 2,34: 

wo =100(cos15°+isin15°) = 96.59 + 25.88i 

w, = 100 (cos 87° +isin 87°) = 5.23+99 86i 

w» =100(cos159° + isin159°) = -93.36 + 35.84: 

w3 = 100(cos231°+isin 231°) = -62.93 - 77 "71i 

w4 = 100(cos 303? + isin 303°) = 54.46 - 83.871 


———— cm 
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36. Write 1 in trigonometric form: 1 =cos0°+isin0° 
0°+360°k . . 0°+360°K 
s +isin = 


The sixth roots are given by: wz =1'/°|co cos(60°k) +isin(60°k) 
Substituting k = 0,1,2,3,4,5: 

wọ =cos0°+isin0° 

w4 — cos 60? + isin 60° 

W» =cos120° +i sin 120? 

w3 =cos180°+isin180° 

w4 =cos240° +i sin 240° 

Ws — cos 300? + isin 300° 
Graphing these roots: 

n 
r+y=l 


Y 


die 102. -4(1)(4) 22s E32. -2+2i 
38. Using the quadratic formula with a = 1, b 22, and c = 4: x = OG) SENE 2#2iV3 -1+iv3 


2(1) 2 2 


Thus x? 2 14i 3 or x? =-1-iv3. Writing -]«i43 in trigonometric form: -dxiJ3- 2 (cos120? + isin120°) 
Its square roots are given by: 
| 120°+360°k . . 120°+360°k 
wg =2 "^ | cos 5 +isin 


| = V2 [cos (60? +180°k) + isin (60° +180°%)] 
Substituting k = 0,1: 

wo = V2 (cos 60? +isin60°) w, = V2 (cos240° +i sin 240°) 
Writing -1- i43 in trigonometric form: -1-iV3 = 2 (cos 240° + isin 240°) 


Its square roots are given by: 


wy = 21? E a m Kpg oe E|- Vr feos(t20* 18071) +-sin(120° + 180°R)] 
Substituting k = 0,1: 
wo = V2 (cos120? + isin 120°) w, = V2 (cos 300° + isin 300°) 


Summarizing, the solutions are V2 (cos8 +isin@) , where 0 = 60°,120°,240°, 300° . 
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+4/(— 2 = +4/— +21 
40. Using the quadratic formula with a = 1, b = -2, and c = 2: v= AAs ET AWU = um = =]+i 


Thus x? =1+i or x? =1-i. Writing 1+7 in trigonometric form: 1+i = v2 (cos 45° + isin45°) 


Its square roots are given by: 
1/2 o o o o 
m = (v2) E 45 ut k m 45? + 360 d 


= X2 [cos (22.5? « 180*k) +isin(22.5°+180°k)] 
Substituting k = 0,1: 
wo = Y2 (cos 22.5° +isin22.5°) w; = A2 (cos 202.5° + isin 202.5?) 
Writing 1-i in trigonometric form: 1-i= v2 (cos 315? isin315?) 
Its square roots are given by: 
1/2 o o o o 
wy - (V2) E ES x k pisin? VU s = 4/2 [cos(157.5? +180°k) + isin (157.5° « 180*&)] 
Substituting k = 0,1: 
wo = Y2 (cos157.5° + isin 157.5°) w; = A2 (cos 337.5° + isin 337.5°) 
Summarizing, the solutions are 4/2 (cos0 » isin8) , where 0 = 22.5°,157.5°,202.5°,337.5°. 
42. Using Euler’s Formula in the derivation: 
(wi) =r cis (6 2kz) 


wy 7 (r cis (02k) " 


An 
Wis y Vn [esu 


Wis y Vn ere) 
n n 


Wy = Finis 2 =" | 


44. Note that y=-2 cos (-3x) - -2cos3x . The amplitude is 2, the period is = , and the graph is a reflection of 


y 2 2cos3x across the x-axis: 


y =-2 cos (-3x) 
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T 
oa = 6, and the horizontal shift is 25 mis 
A "/s 


y = 3 sin (ax/3 — 77/3) 


46. The amplitude is 3, the period is 


48. Using the area formula: S = Sacsin B = Z (444)(222)sin21 8° ~183 cm? 


50. First compute s = Zl +b+c)= 564 +4.3+3.2)=645 . Using Heron's formula: 


S= fs(s-a)(s-b)(s-c) - J645(645 —54)(645-43)(645 -32) = 6.9 ft? 


52. The fifth roots are given by: 
40°+360°K .. 40°+ m 
+isin 


wy = 32" E - 2 [cos (8? - 72*K) +isin(8°  72*&)] 


Substituting k = 0,1 2,34: 

Wo =2(cos8°+isin8°) 2 2 cis 8? 

wi = 2(cos 80? + isin 80?) = 2 cis 80° 
cos152?  isin152?) 2 2 cis 152° 
cos 224? +isin 224°) - 2 cis 224° 
w4 7 2(cos 296° + isin296^) - 2 cis 296° 


The correct answer is a 


W» -2( 
ws -2( 


54. Since x^464- 0, x? =-64 . We wish to find the three cube roots of —64. Writing —64 in trigonometric form: 
-64 = 64 (cos180? + isin180?) 
The cube roots are given by: 
an 180° n E 180? + 360°k 


wy 2 6415 [e |- [cos(60"+ 12071) +sin(60° +120°R)] 
Substituting k = 0,1 2: 
wo =4(cos60° + isin 60°) = 4 Des =242iV3 
j 23 
wi = 4(cos180? + isin180°) = 4(-140i) - -4 
w» = 4(cos300? + isin 300°) = 4 133, -2-2i43 
1 2r 


The correct answer is a. 
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ODD SOLUTIONS 


l. n 3. 72 
5. The 2 square roots will be 7. The 2 square roots will be 
w, - 4? [eis 0) for k=0,1 w, =25"2 [cis for k=0,1 
= 2cis(15° +180°k) = Scis(105° + 180°) 
We replace k with 0 and 1: We replace k with 0 and 1: 
when k 2 0, w, =2(cos15° +isin15°) when k 2 0, w, =5(cos105° +isin105°) 
when k = 1, w, =2(cos195° +isin195°) when k = 1, w, =5(cos285° +i sin 285°) 
9. The 2 square roots will be 
w, - 49? rd for k=0,1 
- Teis{ 4 ak 
2 
We replace k with 0 and 1: 
when k=0, w, =7 cos +isin= 
2 2 
when k=1, w, =7 ELE E 
2 2 
11. First, we put 24 2i4/3 in trigonometric form: x =2, y=2V3, and r = 42? « (2/3). =4 
Also, wan - 23. 4/3 and O0 is in QI. Therefore, 0 2 60'. 
In trigonometric form 24 2i43 = 4(cos 60° +isin 60°) 
The 2 square roots will be w, = 4'^ [s 2204) for k=0,1 
= 2cis(30° + 180°) 
We replace k with 0 and 1: 
when k = 0, w, = 2(cos30° soma pedea 
when k = 1, w, des isin210) [P 8 
13. In trigonometric form, 4i = 4(cos90° +isin 90°) 
The 2 square roots will be w, =4"” asset) for k=0,1 
= 2cis(45° + 180°) 
We replace k with 0 and 1: 
when k = 0, w, =2(cos45° +isin 45°) = [Re i DEA 
when k= 1, w, = 2(cos225° +isin225’) = |- x, eua 
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15. In trigonometric form, -25 = 25(cos180° +isin180°) 


E 


The 2 square roots will be w, 2 25'^ [s for k 20,1 


= Scis(90* 180") 
We replace k with 0 and 1: 
when k = 0, w, = 5(cos90° +isin90°) =5(0+i-1) - 5i 


when k = 1, w, = 5(cos270° +isin270°) =5(0+i--1)=—-Si 
17. In trigonometric form, 1+ iv3 = 2(cos 60° +isin 60^) 
The 2 square roots will be w, = 2” [a He) = V2cis(30° +180°k) for k=0,1 
We replace k with 0 and 1: 


when k =0, wy = X2 (cos 30° +isin 30°) = V2 


(B. 1-55, 
2 


2 2 2 
when k= l, w, = A2 (cos210^ +isin210°) = V2 3,1 ..X6 x2, 
2 2 2 2 
19. The 3 cube roots will be w, 2 8'^ Ed for k=0,1,2 


= 2cis(70* +120°k) 
We replace k with 0, 1, and 2: 
when k =0, w, =2(cos70° +isin 70°) 
when k = 1, w, = 2(cos190° +isin190°) 
when k = 2, w, =2(cos310° +isin310°) 
21. In trigonometric form, 4V3+4i= 8(cos 30° + isin 30°) 


308 et 


The 3 cube roots will be w, 2 8'^ G for k=0,1,2 


= 2cis(10°+120°k) 
We replace k with 0, 1, and 2: 

when k =0, w, =2(cos10° +isin10°) 

when k = 1, w, =2(cos130° +isin130°) 

when k = 2, w, =2(cos 250° +isin250°) 
23. In trigonometric form, -27 = 27(cos180° +isin180°) 
„180 Set 

3 


The 3 cube roots will be w, 2 27? [s for k=0,1,2 


= 3cis(60° +120°k) 
We replace k with 0, 1, and 2: 
when k = 0, w, = 3(cos 60° +isin 60°) 
when k = 1, w, = 3(cos180° +isin180°) 
when k = 2, w, = 3(cos 300° + isin 300°) 


Chapter 8 Page 451 Problem Set 8.4 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


25. In trigonometric form, 64i = 64(cos 90° + isin 90°) 
90° + 360°k 


3 | = 4cis(30° +120°k) for k =0,1,2 


The 3 cube roots will be w, = 64? [ss 
We replace k with 0, 1, and 2: 
when k 2 0, w, = 4(cos30" +/sin 30°) 
when k = 1, w, = 4(cos150" +isin150°) 
when k = 2, w, = 4(cos270° +isin 270°) 


27. x'4820 
x? =-8 The solutions are the 3 cube roots of -8 . 
In trigonometric form, -8 = 8(cos180° +isin180°) 


The 3 cube roots will be w, = a [cig ren for k=0,1,2 


= 2cis(60° +120°k) 
We replace k with 0, 1, and 2: 
1. 43 
when k 2 0, w, =2(cos60° +isin 60°) 22 SE m =1+iv3 
when k = 1, w, 2 2(cos180° +isin180°) = 2(-1+i-0)=-2 


when k = 2, w, =2(cos 300° +isin 300°) = al} EE Te5/3 


29. x* 48120 
x* 2-81 The solutions are the 4 fourth roots of -81. 
In trigonometric form, -81 = 81(cos180" +isin 180°) 


The 4 fourth roots will be w, = 81^ (us 189 30. for k=0,1,2 3 


= 3cis(45° + 90°k) 
We replace k with 0, 1, 2,and 3: 


when k 2 0, w, = 3(cos45° +isin45°) = 3 


ea E 3v2 | 3V3. 


2 2 2 
when k = 1, w, = 3(cos135° +isin135°) = 3| - M, í52)..352, 42. 
2 2 2 
when k = 2, w, = 3(cos 225° +isin225°) 23 = i? MET - 2 
2 2 2 2 
when k = 3, w, = 3(cos315' +isin315°) 23 M, j x2 _3V2_ 2, 
2 2 2 
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2 DER 


31. ^ The 4 fourth roots will be w, = 16"| cis re - 2s Z+ Ze for k=0,1,2 3 


We replace k with 0, 1, 2,and 3: 


when k 2 0, w, -a(s isin) 2B o1-5) 5-1 


2 


when k=1, w = 


2 uet -2 1.8 Shas. 
3 3 2 


x 
cos 
| > 
when k =2, w, = n +isin ra) a-si] i 
when k = 3, w, = w 7 pisin Um =2 RE -1-iJ/5 
2 2 
33. The 5 fifth roots will be w, ter Men for k -0,,2 3,4 


= 10cis(3° +72°k) 
We replace k with 0, 1, 2, 3, and 4: 

when k 2 0, w, =10(cos3° + isin3') = 10[0.999 + i(0.052)] 29.99 +0.52i 

when k= 1, w, 2 10(cos 75^ +isin75°) = 10[0.259 +i(0.966)] - 2.59 4 9.66i 

when k = 2, w, = 10(cos147° +isin147°) = 10[-0.839 * i(0.545)] - -8.394 545i 

when k = 3, w, =10(cos219° +isin219°) = 10[-0.777 + i(-0.629)] =-7.77-6.29i 

when k = 4, w, =10(cos291° +isin291°) = 10[0.358 + i(-0.934)] = 3.58 - 934i 
35. In trigonometric form, -1-2 1(cos180^ +isin180°) 
m [i.e ze 


The 6 sixth roots will be w, = for k=0,1,2 ,3,4,5 


= Icis(30° + 60) 

We replace k with 0,1, 2, 3, 4, and 5: 

when k 2 0, w, 2 cos 30" +isin 30° 

when k= 1, w, =cos90° +isin 90° 

when k = 2, w, =cos150° +isin150° 

when k = 3, w, =cos210° +isin210° 

when k = 4, w, =cos270° +isin 270° 

when k = 5, w, =cos 330° +isin 330° 
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37. Applying the quadratic formula, we have x? = 


2(1) 2 2 
First, we find the 2 square roots of 1-- i3: 
In trigonometric form, 14 B= 2(cos 60° +isin 60°) 


The 2 square roots will be w, = 2!” [eisat] = V2cis(30° +180°k) for k=0,1 


We replace k with 0 and 1: 
when k =0, w, = V2(cos 30° + isin 30°) 
when k=1, w, = X2 (cos210 +isin210°) 


Next, we find the 2 square roots of 1— iJ3: 
In trigonometric form, 1- i= 2(cos 300° + isin 300°) 
The 2 square roots will be w, = 2" [cis = V2cis (150° +180°k) for k=0,1 


We replace k with 0 and 1: 
when k =0, w = X2 (cos150* +isin150°) 
when k=1, w, = X2 (cos 330° + isin 330°) 


39. Applying the quadratic formula, we have x? = 


2(1) 2 


First, we find the 2 square roots of -14 i: 
In trigonometric form, -1+i= V2 (cos 135° +isin135°) 


The 2 square roots will be w, = (v2) " [a eset - /2cis(67.5° +180°k) for k=0,1 
We replace k with 0 and 1: 

when k =0, w, = /2(cos67.5° +isin67.5°) 

when k= 1, w, = 4/2 (cos247.5* +isin247.5°) 


Next, we find the 2 square roots of -1- i: 
In trigonometric form, -1-i = A2; (cos 225° +isin 225°) 


is 225° +360°k 


The 2 square roots will be w, -(V2) [s : | sess (uas mo for k - 0,1 


We replace k with 0 and 1: 
when k =0, w= 32 (cos1 12.5°+isin112.5°) 


when k= 1, w, = 4/2 (cos 292.5° +isin292.5°) 
43. y= -2sin(-3x)=2sin3x because sine is an odd function. 


The graph is a sine curve with amplitude = 2 and period = = : 


45. The graph is a cosine curve that has been reflected about the x-axis with: 
Amplitude = 1 


Period = 2n =I 
2 


Horizontal shift = = oe 
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47. $- zbcsinA 


= $2.65 )(3.84)sin 56.2° 


= 4.23 cm? 
49. = $(a+b+0) 


-103+ 34445)-5.1 


S 2 Js(s -aYs -b)(s-c) 


245.1(5.1- 2.3Y(5.1- 3.4)(5.1— 4.5) 


- 414.5656 - 3.8 ft 


Formula for area of a triangle 


Substitute known values 


Simplify and round to 3 significant digits 


Formula for half-perimeter 


Substitute known values and simplify 


Formula for area of a triangle 


Substitute known values 


Simplify and round to 2 significant digits 


8.5 Polar Coordinates 


EVEN SOLUTIONS 
2. In polar coordinates, r is the directed distance on the terminal side of an angle 0 whose vertex is at the pole and 
whose initial side lies along the polar axis. 
4. To graph a point (r,0) with negative r, plot a point r units away along a ray in the opposite direction from the 
terminal side of 0 . 
6. To convert an ordered pair from a polar to rectangular coordinates, use the relationships x =rcos@ and y=rsing. 
To convert an ordered pair from rectangular to polar coordinates, use the relationships r = yx? + y? and tang => ; 
x 
keeping in mind the quadrant the point lies in. 
8. This statement is false. 
10. Graphing the ordered pair: 12. Graphing the ordered pair: 
y & y 
à (4,135?) A 
E c n (3,60?) I ear [qs 
x | x b A 
e^ NX «d v^ | 7-4 P4 
7 ^ il 4 d - J hy 
; NX & j^ 2 ^N e di^ ^ 
/ d 7 d e » \ / f 7 A "d DA ‘ x \ \ 
pM a d 1 pM a ULA C 
I l E 1 X 1 I I i " X — po4 
— L——À» +> X = + 1 T—1 + l Tt x 
© Pe f TUN UR pog 
uy E 1 CAS N\\ aw! 1 
\ \ X y P \ ^ X D% 7 / : 
\ b TT \ M r < A 
\ ` 4 N M ^ / 4 
UT x bee oor T. x "EliAT > " 
X M A X S E. Le P ` " 
bj - -4- bj - —ų - 
Y Y 
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16. Graphing the ordered pair: 


14. Graphing the ordered pair: ; 
te Á < v / . ^ NC * ry < A X 
+ Å 4 N j^ \ A 7 / 3 AL l N E " 
Jd V S en PL NAY V oe 
LAO ad pi ME We Qs: 
+a oy «— 1 tt x 
x + ! I I \ \ ! X X "4 P t ! I I 
NANY i wheat FNN2Z A 4 
^4 7 / \ x Vv ^ 7 / 
ry "Mn WE VAM y Try Z. ae 
^ / Z < N M a / 4 
+47 > / PAN NIS e et^ > / 
P d Z x [3 x Le d : Á 
].A-* c6? a 
Y Y 
18.  Graphing the ordered pair: 20. Graphing the ordered pair: 
. . (-2,327/2) 
y gs 
A A 
« "uir. id eo ]177- or 
/ ^ xL «ur / ^ | AS 
M 2 Xi ry. > < € Me P "de i < 
L PONV PAS Se E i ip d ANM PA N a 
7 — 4 Y \ yt T 4 J \ e 
p 0M SACO, a. o! L a SN | . o! 
—L———À—ÉÓÀ——-—-—- —————À—À&—— ——-—-* : 
\ x + \ x + 
J c, HB Se 4 J J pet CARRS 7 4 | 
ae. VOLESSE C ONU Si oe YT tt < «€ xw 4 
x ` M ^ / 4 CN M ^ / 4 
` ‘a ae oe ae ae ? / " ps "-RIAT 7 / 
^ Lune < "ap Á Ne 4 
E U-4-* Aa (55.5314) Ts ~~ 4-47°\ 0-2 
' 4 
22. Three other ordered pairs are (1,-240°),(-1,300°), and (-1,-60°) . 
24. Three other ordered pairs are (3,330°), (-3,-210°), and (-3,150°) . 
26. Three other ordered pairs are (-2,-315°),(2,225°), and (2,-135°) . 
28. Three other ordered pairs are (-6,120°) ,(6,300°), and (6,-60°) . 
30. Here r=-2 and 0-60? . Converting to rectangular coordinates: 
1 ; ; 3 
x =rcos@ = -2cos60? = -2e Pim -1 y=rsin0 =-2sin60° = -2e us --45 
The rectangular coordinates are (-1.-43 ) : 
32. Herer=1 and 0 = x . Converting to rectangular coordinates: 
x=rcos@ -1cosz =1+(-1)=-1 y-rsinO -Isinz =1+0=0 
The rectangular coordinates are (-1,0) . 
34. Here r= 2 and 0- -225*. Converting to rectangular coordinates: 
1 1 
x 2 rcos8 = 42 cos(-225? Axa y=rsin@ = 42 sin ~225°) = /2+—_=1 
(-225)=3.-(-5 (-225)= V2- 
The rectangular coordinates are (-1,1) . 
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36. Here r-443 and @= = . Converting to rectangular coordinates: 


x=rcosð a fiss[- 2) 8 y-rsinà - Ass [- 7] - 484-2) 4 


2 6 
The rectangular coordinates are (6.23 ) i 
38. Herer = 3 and 0 =124° . Converting to rectangular coordinates: 
x =rcos@ = 3cos124° = -1.678 y =rsin0 = 3sin124° ~ 2.487 
The rectangular coordinates are (—1.678, 2.487). 
40. Herer =-—4 and 0 2261? . Converting to rectangular coordinates: 
x =rcos@ = -4cos261? ~ 0.6257 y-rsinO - -4sin261? = 3.951 
The rectangular coordinates are (0.6257, 3.951). 


42. Compute r -4(-3)^ «(-3)? =V9+9 = VI8 = 342 . Also tan ==> =1 with @ in quadrant III, so 0 — 225? . 


The polar coordinates are (342 ,225°) : 


2 
44. Compute r= (-2v3) 332 uf 5416 c Also tan miele Ori quadrant Isso: Oo 505 


-243 43 


The polar coordinates are (4,150?) . 


46. Compute r=4(-27 +0? =V4+0 - J4 =2. Also tan ^0 ,80 0 =a. The polar coordinates are (2,7) . 


2 = 
48. Compute r=,|(-1) +(-V3) 24344 =2. Also tang => = 3 with 0 in quadrant III, so 0-47, 


The polar coordinates are (4) : 


50. Compute r= V4? 43 es V16+9 = 4/25 =5.Also tanO -Ż with 0 in quadrant I, so 0 = 369? . 
The polar coordinates are (5,36.9°) . 

52. Compute r- I? « (22)? =V1+4 =V5 . Also tan0 = = --2 with 0 in quadrant IV, so 0 ~296.6° . 
The polar coordinates are (v5 296.6?) 2 

54. Compute r= 4C3Y. +(-2}7 - 49-4 - 413. Also tan6 = E - with 0 in quadrant III, so 0 4 213.7? . 


The polar coordinates are (V13,213.7°) : 


56. Compute r=4/(-7)’ +1? = /49 +1 = 450 = 54/2 . Also tan = =-— with @ in quadrant II, so 8 =171.9° . 


The polar coordinates are (5V2,171 9°) . 


58. The polar coordinates are (9.220,102.5°) . 
60. The polar coordinates are (7.616,-23.2°) . This could also be written as (7.616,336.8°) . 


62. Since r? =x” +y , the equation is x? +y =4. 
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64. Since y=rsin6, sin@ = » | Therefore: 66. Using the double-angle formula for sine: 
r 


r? =4sin20 
r=6sin@ 2 
r^ 2 8sin0cos0 
2 
| roe 
r2 =6y ; £ r 
x+y? =6y Mul 
a. ge 
(x +y | = 8xy 
68. Since x=rcos@ and y-rsin0: 70. Substituting x 2 rcos0 and y=rsin@: 
x-y=5 
r(cos@-sin@) =2 rcos@-rsin@ =5 
rcos@—rsin@ =2 r(cos0 -sin0) =5 
x-y=2 5 


r = ————— 
cos0 -sin 


72. Since r? =x +y , the equation is r= 9,orr=3. 


74. Since x? +y? =r* and x-rcos6: 76. Since x=rcos@ and y-rsin60: 
y=-x 
x+y? =4x rsin@ 2 -rcos0 
r? - Arcos0 s --] 
cos 
r -4cos0 RENE, 
0 2135? 
78. The amplitude is 6 and the period is 27: 80. The amplitude is 2 and the period is = = 5: 
X 
82. The amplitude is 2 and the period is 2 . Note this is a vertical translation of y 2 2cosx by 4 units: 
y 
y=2cosx+4 
x 
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84. Here r=-2 and 0- i . Converting to rectangular coordinates: 


x-rcos0 mes (A es y-rsing --2sin( $£) a (2-4 


2 


The rectangular coordinates are (v3 -1) . The correct answer is d. 


86. Substituting x=rcos@ and y-rsin0: 
(rcos8)" *(rcos0)(rsin8) - (r sing) 2| 
r? (cos? 0+sin? 0+ cos sin 6) =] 


r? (1+cos@sin@) =1 


2_ 1 
7 1+cos@sin@ 
= 1 
E 41-4 cos0sinO 


The correct answer is c. 


ODD SOLUTIONS 
1. pole, polar axis 3. counterclockwise, polar 
5. origin, positive x 7. true 


For problems 9 through 19, see textbook answer section for graphs. 
21. All points of the form (2,60° + 360°k) , where k is an integer, will name the point (2,60°) . 
For example, if k 2 -1, we have (2,-300°) . 
Also, all points of the form (—2,240° + 360°k) , where k is an integer, will name the point (2,60°) . 
For example, if k 20, we have (—2,240°) and if k 2-1, we have (-2,-120) . 
23. All points of the form (5,-135° +360°k) , where k is an integer, will name the point (5,-135°) . 
For example, if k 21, we have (5,225°). 
Also, all points of the form (—5,45* + 360°k) , where k is an integer, will name the point (5,-135°) . 
For example, if k 20, we have (-5,45°) and if k 2-1, we have (-5,-315°) . 
25. All points of the form (—3,330° + 360°k) , where k is an integer, will name the point (-3,330°). 
For example, if k 2 -1, we have (-3,-30°) . 
Also, all points of the form (3,150° + 360  &) , where k is an integer, will name the point (-3,330^) . 
For example, if k 20, we have (3,150°) and if k 2 -1, we have (3,-210°). 
27. All points of the form (—4,—60* + 360^ Kk) , where k is an integer, will name the point (-4,-60°) . 
For example, if k 21, we have (-4,300°) . 
Also, all points of the form (4,120° + 360°k) , where k is an integer, will name the point (-4,—60^) . 
For example, if k 20, we have (4,120°) and if k 2-1, we have (4,-240°). 
29. x-rcos0 and y=rsin0 31. x=rcos@ and y-rsinO 


-2cos 60° = 2sin 60° E = 3sin 


-22)=1 [2 )-8 = 3(0)=0 E3 uus 
(2,60°) = (1,3) (3 =(0,-3) 
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33. x =rcosé and y=rsin0 35. x =rcosé and y=rsin0 


= A2 cos(-135") = V2 sin(-135°) =-4V3 cos - A43 sin 
6 6 
1 1 4/3 1 
aja es ED cnt 
42 V2 2 2 
(V2,-135°) -(-1,-1) --6 E 
T 
[452] -(-6.-243) 
41. r-eJx!«y! and tan@=~ 43. r-Jx «y! and tand=~ 
x x 
= 222 33 m 2 zu 
-A(-3y +3 = So +(-2V3] = 
= V18 - 342 =-1 =V16 =4 --43 
0 =135° or 315° 0 =120° or 300° 
Since (—3,3) is in QII, one solution Since (2,-2 43) is in QIV, one solution 
is (3V2,135°). is (4,300°). 
45. r-4x «y! and tang => 47. r-4x «y! and tang => 
x x 
_ 2 2 0 n" 2 2 _ -1 
E PEINT ES i (-43) +(-1) -—R 
1 
= V4=2 =0 mo 2 EN 
J3 
0-0 gua d 
6 6 
ces : noi eek Tn 
One solution is (2,0) : Since (-3.-1) is in QII, one solution is (2.2) ; 
49. r-4x «y! and tang => 51. r-Jx «y! and tand=~ 
x x 
243.4? s =,|(-1) +2? ge 
3 -1 
= 25 =5 8-53.l or 233.1° =V5 0 2116.6" or 296.6 
Since (3, 4) is in QI, one solution is (5,53.1°) : Since (-1,2)is in QH, one solution is (V5.1 16.6) : 
53. r= x+y’ and tang == 55. r= x+y’ and tan == 
= (2) «(cay : = -15 S eet: : = 
- 413 0 -56.3 or 236.3 = 450 - 542 0-813 
Since (—2,-3) is in QIII, one solution is Since (7,-1) is in QIV, one solution is 
(V13,236.3 ). (542,351) 
61. r-9 
x +y =9 Substitution 
63. r =6cos0 
r^ =6rcos0 Multiply both sides by r 
x+y? =6x Substitution 
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The graph is a sine curve with amplitude of 2, period of 2 and a vertical translation of 4. 


Double-angle identity 


Substitution 


Expand and combine 
Multiply both sides by 7° 
Substitution 


Distributive property 
Substitution 


Substitution 
Factor 
Divide 


Substitution 
Solve for r 


Substitution 
Divide both sides by r 


Substitution 
Divide both sides by r 


65. r^ - 4cos20 
- 4 (cos? 0 — sin? 8) 
E 2 
4r 
r r 
A(x? -y) 
r? 
r= A(x? - ») 
(ey) =4(2?-y’) 
67. r(cos@+sin@) = 3 
rcos@+rsin@ =3 
x+y=3 
69. x-y= 5 
rcos@-rsin@ =5 
r(cos0 -sin0) =5 
5 
tr =———qcx“— 
cos0 -sin 
71. x+y =4 
r=4 
r=2 
73. x+y? =6x 
r^ 2 6rcos 
r 2 6cos0 
75. y=x 
rsin@ =rcos@ 
sin =cos6 or 
6=45° 
77. The graph is a sine curve with amplitude of 6. 
79. The graph is a sine curve with amplitude of 4 and period of x . 
81. 
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8.6 Equations in Polar Coordinates and Their Graphs 


EVEN SOLUTIONS 
2. Another way to graph a polar equation is to convert it to rectangular coordinates and see if the resulting equation has a 
recognizable graph. 
4. a. This is a circle (ii). b. This is a line (v). 
c. This is a 5-leafed rose (vii). d. This is a 6-leafed rose (vi). 
e. This is a lemniscate (iii). f. This is a cardiod (1). 
g. This is a limacon (iv). 


0 | o° 45° | 90° | 135° | 180° | 225? | 270°} 315? | 360° 


r-4sin8| 0 |242] 4 |242| o |-2V2| -4 | -2V2] 0 


6. Making a table of values: 


Sketching the graph: 
y 
A 


r=4sin@ 


< | f > Xx 
-2 Y z 
8. Making a table of values: 0 E 45° | 90° | 135° | 180? | 225? | 270? | 315° | 360 
r-cs28| 1| 0 |-1| 0 | 1 [ 0 |-31| 0] 1 
Sketching the graph: 
y 
A 
l 
r = cos 20 
< A» X 
-1 
-1 
Y 
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10. Making a table of values: 


0 | 0° 15° | 30° | 45° | 60° | 75? | 90° | 105° | 120° | 135? | 150° | 165° | 180° 
r=2cos20| 1 | ¥3| 1 | 0 | -1|-v3| -1|-v3] -1] o | 1 | V3 | 1 
Sketching the graph: 
y 
12. Making a table of values: 
0 0° | 15° | 30° | 45° | 60° | 75? | 90° | 105° | 120° | 135° | 150° | 165° | 180° 
r-343cos0| 6 |59| 56] 5.1] 45/38] 3 | 22]15]09]04] 01] 0 
0 180° | 195° | 210° | 225? | 240° | 255? | 270° | 285? | 300? | 315° | 330? | 345? | 360° 
r=3+3cos6| 0 | 01| 04|09 |15|22]| 3 | 38] 45 | 51| 56| 59 | 6 
Sketching the graph: 
, r=3+3cos0 
- | > Y 
=, 
+4 
Y 
14. This graph is a lemniscate. 16. This graph is a circle. 
18. This graph is a limacon. 20. This graph is a rose. 
22. This graph is a cardioid. 24. This graph is a line. 
26. Graphing the equation: 28. Graphing the equation: 
y 
A 
y 
oa | 0 = x4 
-* > Xx 
< > y 
Y Y 
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30. Graphing the equation: 32. Graphing the equation: 
y 
A 


6—+ 
y r=4+2cos 0 
x 
— 
4 
-6 + 
Y 
34.  Graphing the equation: 36. Graphing the equation: 
y y 
r-2-4sin0 4 


r-2-42cos0 


38.  Graphing the equation: 40. Graphing the equation: 


y : 


3 r-=9sin 20 


r=2cos20 
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42. Graphing the equation: 


y 


46. Graphing the equation: 


44. Graphing the equation: 


r=4sin 30 


r= 6 cos 60 


26 


Y 
50.  Graphing the equation: 


r=4-S5sin0 


a 


54.  Graphing the equation: 


Chapter 8 


i > 


6 


48. Graphing the equation: 
7 


y 
A 
2 r 22 sin 20 
-2 2 
iJ- 
Y 
n ; 
r=3+4+3sin0 
| H 
-4 4 
---2 


52. Graphing the equation: 
y 


x 


r 22 cos 20 - cos 0 


r= 3 sin 20 + 2 cos 0 


-3 
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56. Converting to polar coordinates: 58. Converting to polar coordinates: 


x^ «y? 225 x^ «y? =6y 
r^ 225 r? - 6rsin0 
r=5 r=6sin0 
Sketching the graph: Sketching the graph: 


y 
4 


r=6sin0 


= I— s 
Y -3 Y 3 
60. Converting to polar coordinates: 62. Converting to rectangular coordinates: 
2 
(x? +?) -x-y 
TO T r(3cos0 -2sin0) =6 
(r ) SA COS TOST Sg 3rcosð -2rsinð =6 
ri =r? (cos? 6 - sin? o) 3x-2y=6 
r? =cos20 
Sketching the graph: Sketching the graph: 
y 
; t 4s 3x-2y26 
r = cos 20 
x : d» 
-1 1 -2 
PUES 
Y Y 
64. Converting to rectangular coordinates: 66. Converting to rectangular coordinates: 
r(1-sin@) =1 EC 
r -rsinü -1 2 
! r^ -6rcos0 
r=l+rsin@ ie 
Fires : x Km 
x^-6x4y* 20 
x «y -(1eyf. 2 2 
um 5 x^ -6x494y^ 29 
ty” =1+2y+ 
X +y yty (x-3Y «y? -9 
v= 2y+1 
Chapter 8 Page 466 Problem Set 8.6 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Sketching the graph: Sketching the graph: 
2 


4 t (x-3y +y°=9 
3 +- 
p X=2y+1 


<- > xX 
-1 
-l1 +- 34. 
Y Y 
68. Graphing the two curves: 
y 
A 
4+ 
r,=2-2cos0 r,=2+2cos0 
<« | > X 
-2 
-2 
-4 + 


Two points they have in common are (0,2) =(2,90°) and (0,-2) = (2,270°) . Note that although the rectangular point 
(0,0) lies on both curves, and thus is a common point, the polar point (0,0°) is not a point in common, since it does 


not satisfy both equations. 


70. Graphing the equation: 72. Graphing the equation: 
y y 
A A 
? + 3 8 -+ 
= y=cosx-sinx 
6 + 
4 pm 


Yy =X + COS a 


= oo < } t } x 
Y M 2 4 6 8 
74. Graphing the equation: 
y 
A . 5 1 
zn y-sinx- 5 cos 2x 
- > Xx 
2x 4r 
-1 + 
2g.-L 
v 
76. The correct graph is d. 78. The correct equation is b. 
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ODD SOLUTIONS 


1. O,r 3. rectangular 
5. 
0 r 2 6cos0 (r,0) 
0° r=6cos0 =6 (6.07) 
45 | rz6cos45 232 (342.45) 
90° | r=6cos90° =0 (0,90°) 
135° | r26cos135 =-3V2 (-3V2,135") 
180° | r=6cos180° - -6 (6.1807) 
225 | r=6cos225° 2 34/2 (-3V2,225°) 
270 | r=6cos270° =0 (0.2707) 
315 | r=6cos315° - 3/2 (342,315) 
7. 
0 r -sin20 (r,0) 
0 | r=sin2(0°)=0 (0,07) 
4* | r=sin2(45°)=1 (1,45°) 
90° | r=sin2(90°)=0 (0,907) 
135 | r=sin2(135°)=-1 (-1,135°) 
180° | r=sin2(180°)=0 (0,180°) 
225 | r=sin2(225°)=1 (12257) 
270 | r=sin2(270°)=0 (0.2707) 
315° | r=sin2(315°)=-1 (-1,315°) 
25. r=3 27. 0- gm 
4 
2 5.054 : 3x 
tx ty =3 Substitution tan - -1 Find tangent of P 
xX +y =9 Square both sides Bed 
x 
y=-x Multiply both sides by x 
The graph is a circle with center The graph is a line through the origin with a 
at the origin or pole and radius of 3. slope of -1. 
29. To graph by hand, first we sketch y 2 3sinx . We note the relationship between the variations in x or 
0 and the corresponding variations in y or r. 
Variations in x or 0 Corresponding Variations in y or r 
0° to 90° Increases from 0 to 3 
90° to 180° Decreases from 3 to 0 
180° to 270° Decreases from 0 to —3 
270° to 360° Increases from —3 to 0 
Then we sketch the graph using this relationship. 
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31. 


To graph by hand, first we sketch y=4+2sinx . We note the relationship between the variations in x or 0 and the 
corresponding variations in y or r. 


Variations in x or 0 Corresponding Variations in y or r 
0° to 90° Increases from 4 to 6 
90° to 180° Decreases from 6 to 4 
180° to 270° Decreases from 4 to 2 
270° to 360° Increases from 2 to 4 


Then we sketch the graph using this relationship. 


33. To graph by hand, first we sketch y=2+4cosx . We note the relationship between the variations in x or 0 and the 
corresponding variations in y or r. 
Variations in x or 0 Corresponding Variations in y or r 
0° to 90° Decreases from 6 to 2 
90° to 180° Decreases from 2 to —2 
180° to 270° Increases from —2 to 2 
270° to 360° Increases from 2 to 6 
Then we sketch the graph using this relationship. 
35. To graph by hand, first we sketch y=2+2sinx. We note the relationship between the variations in xor 0 and 
the corresponding variations in y or r. 
Variations in x or 0 Corresponding Variations in y or r 
0° to 90° Increases from 2 to 4 
90° to 180° Decreases from 4 to 2 
180° to 270° Decreases from 2 to 0 
270° to 360° Increases from 0 to 2 
Then we sketch the graph using this relationship. 
37. r^ =4cos26 is a lemniscate or two-leaved rose where a = 4. (See Figure 19 in textbook.) The endpoints of the 
leaves are (Va,0") =(2, 0") and (- Ja, j- (-2. o°). 
39. r 2 2sin20 is a four-leaved rose where a = 2. (See Figure 17 in textbook.) The endpoints of the leaves are 
(2,45°),(2,225°),(-2,135°), and (-2,315°). 
41. r=4cos 36 is a three-leaved rose where a = 4. (See Figure 18 in textbook.) The endpoints of the leaves are 
(4,0°),(4,120°) and (-4,60°). 
55. x! y! =16 57. x+y 26x 
r^ -16 r^ - 6rcosü 
r=4 r =6cos0 
The graph is a circle with center at The graph is a circle with center at (3,0°) 
the pole and radius of 4. and radius of 3. 
59. (x +y“ Ji =2xy 
(r 2n 2(rcos8)(rsin8) Substitution 
r* =r? (2sin8cos0) Simplify 
r^ 2 sin20 Divide both sides by r^ and use the double-angle identity 
The graph is a lemniscate with a = 1. (See Figure 19 in textbook). The endpoints of the leaves are at 
(1,45*) and (-1,45*). 
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61. r(2cos0 + 3sin@) =6 


2r cos0 + 3rsin0 =6 Multiply 
2x+3y=6 Substitution 


The graph is a line through (0, 2) and (3, 0) in rectangular coordinates. 
63. r(1-cos0) 21 


r-rcos0-1 Multiply 
r-x-l Substitution 

r=x+l Add x to both sides 

r’ =(x+1) Square both sides 

x +y =x 42x41 Substitution on left side and expand right side 

y =2x+1 Subtract x? from both sides 

E Solve for x 
2 2 


The graph is a parabola that opens to the right with vertex at ( — ^, 0) in rectangular coordinates. 
65. r=4sin@ 


r? =4rsin@ Multiply both sides by r 
xX +y =4y Substitution 
x «(y-2y =4 Complete the square and put in standard form 


The graph is a circle with center at (0, 2) and radius of 2 in rectangular coordinates. 
67. We graph the two equations. The equation r, = 2sinO is a circle with center at (0, 1) and radius of 1. The equation 


r,—-2cos0 isa circle with center at (1, 0) and radius of 1. 
Next, we solve the equations algebraically by substitution: 


2sinO 22cos0 r=r 
2nd Divide both sides by 2cos8 
2cos0 

tan0 -1 Ratio identity 


0-245' or 02225 
Then we solve for r in each case: 


0-45, r-2sin45' 0-225, r=2sin225° 
ap» [n 


eretore, the point of intersection 1s yt) OF E an = A é e graphs also have the point P in 
Therefore, the point of i ion is (1,1) or (V2,45°) and (-/2,225°) . The graphs also have the point (0, 0) i 


common. On one graph it is the point (0, 0) and on the other it is (0,907) : 


69. Let y, =sinx (the basic sine curve) and y, — —cosx (a cosine curve reflected about the x-axis). Graph 


y, Ya, and y = y, + y, on the same coordinate axes. 

71. Let y, =x (a line through the origin with a slope of 1) and y, = sin zx (a sine curve with period 2m 22). Graph 
y, Ya, and y = y, + y, on the same coordinate axes. T 

73. Let y, =3sinx (a sine curve with amplitude of 3) and y, =cos2x (a cosine curve with period of = =m). Graph 


Y,» Y2, and y = y, + y, on the same coordinate axes. 
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Chapter 8 Test 


1. Writing in terms of i: 4212 «1412 «20/3 
2. Setting the real parts equal: Setting the imaginary parts equal: 
x? -3x -10 
x? -3x-10-0 16-8y 
(x-5)(x+2)=0 pes 
x=-2,5 


3. Combining the numbers: (6 -3i) +[(4 -2i) -(3«:)] - (6-3) «(4 -2i-3- i) =6-3i+1-3i=7-6i 
4. Computing the power: i = (4 «i? -(i*] ^ «i? «is (-1)«i e -i 

5. | Computing the product: (8 +5i)(8-5i) 264 - 40i 40i - 25i? 264425 - 89 

6. Computing the product: (3-4i)” - (3- 4i)(3- 4i) = 9 -12i-12i «16i? =9-24i-16=-7 - 24i 


Day ; 6+5i 645i 36460i«25i? 36460i-25 11«60i 11 60. 
7. Finding the quotient: . - - - - i 


6-5i 6+5i 36 -25i? 36425 61 61 61 
8. a. The absolute value is: | 3-4i|- 49^ «(4 249416 2 25 =5 
b. The opposite is: -(3-4i) =-3+4i 
c. The conjugate is: 3 4i 
9. a. The absolute value is: |8i| - 0? «8? =/0+64 = V64 - 8 
b 


The opposite is: -(8i) - -8i 


c. The conjugate is: -8i 


10. Writing in standard form: 8(cos330? + isin 330°) = 8 [2 - 3 = 4/3 - 4i 


11. Writing in standard form: dis ea (os PT Ja e -- 2+iV2 


2 
. Here x=-V3,y=1,and r=,{/(-V3) +1° 23412 J4 =2. Since tan - - — in quadrant II, 0= : 
12 NEJ d V3) «2-4 44 =2.Si piada 0 =150° 


48 


So the trigonometric form is -V3 +i = 2(cos150°+isin150°) . 
13. Herex=0,y=-5,and r= Jo? +(-5)7 =40+25 2425 =5. Since tan@ is undefined and y is negative, 0 = 270? . 


So the trigonometric form is —5i = 5(cos270? +isin 270°) . 

14. Multiplying in trigonometric form: 
5 (cos 25° +isin 25°) + 3(cos80°+isin80°)=15 [cos(25° + 80°) +isin(25°+ 80°)] = 15(cos125? +isin125°) 
10(cos50°+isin50°) 10 
2(cos20°+isin20°) 2 


15.  Dividing in trigonometric form: [cos(50° - 20°) +isin(50° - 20°) = 5(cos30°+isin 30°) 


16. Using deMoivre’s Theorem: 
(3 cis 80°)* =[3(cos80°+isin80°)]' = 3^ [cos(4+80°) +isin(4+80°)] = 81(cos320° +isin 320°) = 81cis320° 
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17. 


The square roots are given by: 


50°+360°K . . 50°+360°% 
+isin = 


wy = 49" | cos = 7[cos(25°+180°k) +isin(25° + 180°) | 


Substituting k = 0,1: 
Wo =7(cos25° +isin 25°) 


wi = 7(cos 205° +isin 205°) 


18. First write the number in trigonometric form: 24 2i43 = 4(cos 60° +i sin60°) 
The fourth roots are given by: 
w = 414 [cos S Ll * isin © x | = V2 [cos(15* » 9094) +isin(15°+90°)] 
Substituting k = 0,1,2,3: 
wo = V2 (cos15°+isin15°) 
w, = V2 (cos105° + isin 105°) 
w = V2 (cos195°+isin195°) 
w3 = V2 (cos285° + isin 285°) 
19. Using the quadratic formula with a = 1, b= -2/3 , and c = 4: 
2 
Be (245) [- 295) -4(U(4) 243.412-16 243«4-4 243220. ae 
2(1) 2 2 2) 7 
Thus either x = J34i or x = J3-i . Writing NE +i in trigonometric form: V34i = 2(cos 30° +isin 30°) 
So its square roots are given by: 
wy = 21? E 30 360 K | isin 20 * 560 |L [cos (15°+180°k) + isin(15°+180°K) | 
Substituting k = 0,1: 
wo = V2 (cos15°+isin15°) 
wy = V2 (cos195? + isin 195°) 
Writing 4/3 +i in trigonometric form: V3 -i = 2(cos 330° + isin 330°) 
So its square roots are given by: 
wg - 2! [cos 330 VU K y isin 220 * 360 K |L 3 eos(165* 180*k) + isin (165° 180*k)] 
Substituting k = 0,1: 
wo = V2 (cos 165° + isin 165°) 
wi = V2 (cos 345° + isin 345°) 
Summarizing, the solutions are V2 (cos0 » isin8) , where 0 =15°,165°,195°, 345° . 
20. The solutions will be the cube roots of -1. Since -1=cos180°+isin180° , the cube roots are given by: 
wy = cos EO ESOK sig B0 30K = cos (60° +120°k) + isin (60° +120°k) 
Substituting k = 0,1 2: 
Wo 7 cos 60? +isin 60° 
w, 7 cos180? +isin180° 
w = cos 300? +isin 300° 
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21. Two other points are (6,-120°) and (6,240°) . The rectangular coordinates are given by: 


x =rcos6@ = -6cos 60° =-6+5=-3 


The rectangular coordinates are (-3.-343 ) : 


y-rsinÓO - -6sin60? REET 


22. Compute r=4{(-3)° +3? =V9+9 = 18 = 342 . Also tn - — - -1 with 0 in quadrant II, so 0 2135? . 


The polar coordinates are [2 £4 . 


23. Converting to rectangular coordinates: 


r 2 5cos0 


x + y? =5x 
25. Graphing the equation: 


r=4 


v 


27. Graphing the equation: 


r -sin 20 


Chapter 8 


24. 


26. 


28. 
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Since x. y? =r? and y-rsinO: 


x? +y =8y 
r? = rsin 
r=8sin@ 


Graphing the equation: 
J 
A 


6 
r=4+2cos0 
-4 8 
-6 4- 
Y 
Graphing the equation: 
y 
A 
r=4-4cos@ 6+ 
-< »> X 
2 
6 + 
v 
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29. Graphing the equation: 30. Graphing the equation: 


y 
> r=3sin20-sin@ 


4+ 
Y Y 
Cumulative Test Chapters 1-8 
1. If cos -2 , we can choose x = 3 and r = 5. To find y, use x? +y =r”: 
3 4y? =5? 
9 y? 225 
y? =16 
y=+4 
Since 0 terminates in quadrant IV, y < 0 and thus y = -4. Using x = 3, y = —4, and r = 5 in the definitions: 
Soe je uc NE] 
ji. AD x 3 y 4 
und -2- 5 ADDE 8 


2. Using a calculator: 0 - cos ! (0.7309) = 43.0? 


3. The reference angle is given by ô = tan”! ( us | = 32.9? . Since 0 terminates in quadrant III, 


0 =180° + 32.0? 22129? . 


4. Let x represent the original distance from the tree, and h the height of the tree. Therefore: 
tan 79.0? = a tan 72.6? = E 
x x+40 
h = xtan 79.0? h =(x+40)tan72.6° 
h h 
x = ——___ 40 = ———_ 
tan 79.0? id tan 72.6? 
x = hcot 79.0? x = hcot 72.6? - 40 


Setting the two expressions equal: 
hcot 79.0? = hcot 72.6? — 40 


40 = hcot 72.6? — h cot 79.0? 
40 = h(cot 72.6? — cot 79.0?) 
40 


h= 
cot 72.6? — cot 79.0? 
The tree is approximately 336 feet tall. 


= 336 ft 
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d 


First find side c using the Pythagorean Theorem: 
20.524314? - ? 


420.25 +985.96 = c° 


c? =1,406.21 
c 2e 37.5 
Now finding angle A: 
sin B = P 
c 
sin B = SD 
37.5 


B-sin! SET = 56.9? 
37.5 


A 290? - 56.9? 2 33.1? 


6. Converting to degrees: a . ne = 80° 
T 
7. Using the arc length formula s5- r0: 
s-rÜ 
X 2x 
— = r e 
4 3 
3 
r=—=0.375 cm 
8 
8. Finding the angular velocity: œ = 10-27 2d = 207 rad 
min rev min 


Finding the linear velocity: v =rq =1 foot + 20m 24 = 20m feet 
min min 


9. The secant values are undefined when the cosine values are 0. These occur when 
"lm 5m 30 m m 3m 5m Tr 


A ome Pre en A ee Ay E RN ae ee RUE uc YE 
2 2 2. 22 2, 22 
10.  Sketching the graph: 


11. Let 6 -sin x ,so sinü =x. Drawing the triangle: 


Therefore: tan(sin“! x) = tan0 = = 
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12. Working from the right side: 
1 1 
sec? x e csc? x = d 
cos "x sin” x 


sin? x cos? X 
+ 


sin? xcos* x sin? xcos? x 
» sin? x cos? x 
sin? xcos? x 
1 
sin? xcos? x 
1 1 


— . 
cos? x sin? x 


= sec? xcsc? x 
13. Using the difference formula for cosine: 


cos15? = cos(45? - 30°) = cos 45° cos 30? + sin 45° sin 30° = ae 


V2 V3 V2 vi N62 


2 4 


t 2 t di 
HM uc xaxd dust 


14. Using the difference formula for tangent: tan m - (^ E | = 


341 4341 3424341 44243 5 


Therefore: cot iS 
Se 12 3-3 3-1 2 


15. Using the double-angle formula: 
3cos26+5sin6 =0 


3(1-2sin^ 6] e 5sino =0 
3—6sin? 0 5sin0 - 0 
6sin? 0 -5sin8 - 3-0 


Using the quadratic formula: sin0 = 


T 
1+tan 3 tan 


S#4(-5)°-4(6)(-3) _52V25472 _ 


X OR emer | 


2(6) 12 


5+ J97 
12 


= —0.4041,1.2374 


Since sin@ =1.2374 is impossible, sin@ = -0.4041 . The reference angle is given by 6 - sin! (0.4041) = 23.8°. 
Since 0 terminates in quadrants III or IV, 0 2180? 4 23.8? 2 203.8? or 0 2 360° -23.8° = 336.2°. 


16. Using the law of sines: 


b c 
sinB  sinC 
b 29 


sinl08?  sin37? 
b- 2.9sin108° 
~~ sin37? 
17. Use the law of sines to find B: 
sinB  sinA 


24.6 in. 


b a 
sinB  sin26* 
94 48 
sin B = Ssmo z 0.8585 
4.8 
B = 59° 
B'=121° 
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If B=59° , C =180°-(59° + 26°) =95° . Use the law of sines to find c: 


sinA sinC 


a c 
sin26° _ sin95° 
4.8 c 
ge id 
sin 26? 


If B' 2121? , C' 2180? - (121? € 26°) = 33° . Use the law of sines to find c': 


sinA sinC' 


Uu 


a c 
sin26° sin33^ 
4.8 c 
MEO -60 fi 
sin 26? 


18. Using the law of cosines: 
b? 2 a? +c? -2accos B 
12? 210? 417? -2(10)(17)cos B 
144 2100 +289 - 340 cos B 
-245 = -340cos B 
cos B = 0.7206 
B «43.9? 
19. Using the area formula: S = Sacsin B = 5(10)(17)sin43.9* ~ 59 km? 


20. Finding the vector: 3U-5V = 3(5i+12j)-5(—4i+ j) = 15i+ 36 j+20i-5j = 35i+31j 


21. Using cos0 = LM to find the angle: 
[ulv] 
a (5)(-4)+(12)) _ -20+12 — -8 320.4463 
V52 412? 4-4} +1? JÀ169417 13417 
0 — 98.6? 


22.  Simplifying: (7+3i)-[(2+i)-(3-4i)]=(7+3i)-(2+i-3+ 4i) 2 (743i) - (1457) 27 43i *1-5i - 8 2i 
23. Computing the power: pe -(i*)" =] 


24. a. The absolute value is given by: |3+4i] - N 3244? =V9+16 2 425 - 5. 
b. The opposite is —3 — 4i. 
c. The conjugate is 3 — 4i. 


25. Herex-2,y 2 2,and r2 N22 «2? - JA 4 - 48 2 242 . Since tan --1 in quadrant I, 0 = 45? . 
So the trigonometric form is 2+ 2i = 242 (cos 45°+isin45°) - 242 cis 45°. 
26. Using deMoivre's Theorem: 
[2(cos10* e isin10*) = 2? [cos(5 +10°)+ isin(5 -10*)] - 32 (cos 50? + isin50°) = 32cis50° 
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27. First write the number in trigonometric form: 4 -4ivV3 =8 (cos 300° + isin 300°) 
The square roots are given by: 
1/2 300°+360°k . . 300° + 360°k 
wg =8 "^ | cos 3 +isin 


|- 21/2 [cos(150°+180°k) +isin (150° +180°k)] 
Substituting k = 0,1: 


wo = 242 (cos150°+isin150°) = p =-V6 «i 2 


wj =2V2 (cos 330° + isin 330°) = 2a 2-5 = V6 -i/2 


28. Here r=4 and 0 2225? . Converting to rectangular coordinates: 


42 v2 


x =rcos0 = 4cos225° Xen y-rsin0 =4sin225° Xe 


The rectangular coordinates are (-242 EUN p. ) . Two other polar coordinates are (-4,45°) and (4,-135°) . 
29. Substituting x=rcos@ and y-rsin0: 
x+y=2 
rcos6+rsin@ =2 
r(cos@+sin@) =2 
2 


r= ———_ 
cos -- sinO 
30.  Graphing the equation: 


y 
! r=2 cos 20 +3 sind 


Chapter 8 Page 478 Cumulative Test Chapters 1-8 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


